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Foreword 


"The way of the science teacher, especially in this age of great successes 
in science, is hard. Science teachers are expected somehow to be as successful 
as scientists themselves have been. They are expected to take all the children 
who come their way and turn, as if by magic, some of them into the scientists 
of the future and the rest into citizens well prepared to take their place in 
the world that science has transformed. They are expected to accomplish this 
in five hours per week or less, over a period ranging from one to six years, 
with classes composed of perhaps thirty students, no two of whom are alike. 
One might think that teachers of science would despair at the enormity of the 
task. Perhaps, in private, many do. But they go into the classroom day after 
day, prepared to do what they can toward this goal. 

This book, and its two companion volumes, can help the science teacher. 
From them he can learn what other teachers have done, what experimenters 
have found out about teaching (and its obverse, learning), what may be of 
use to him in the varied situations in which he finds himself. They should 
prove invaluable in helping the science teacher, in the words of the authors, 
“develop his own personal teaching invention.” 

‘The authors are all men with wide experience in teaching science and 
science methods, as is indicated by the abbreviated listing of their affiliations 
on the title page, All three have also published many articles on various aspects 
of the field. It is hoped that their experience, and that of the other teachers 
they describe, will be of use to both present and future teachers of science. 
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Caution to the reader 


The White Knight, in Lewis Carroll's splendid book which can be con- 
sidered a satire on “method” in living, packed his luggage for Nowhere—a 
logical thing to do, since he had nowhere to go. 

"Those who presume to write books on method for teachers seem to think 
they know where to go; or they think they have some useful things to pack 
for somewhere; or at least they have a ticket plainly marked with a destination. 
However, before friends or colleagues buy such a ticket it would be well for 
them to know the nature of the trip, the quality of the fare, and, of course, 
the caliber of their companions. 

I only we had a formula like E = mc?, with E equal to Educatability, 
m equal to Mastery of subject matter, and c equal to Creativity! If only we 
had units like the erg or mho or Mach with which to advance confidently! 
‘Those of us fortunate enough to be in teaching like to talk about teaching 
methods as if they were similar to the laboratory procedures of the technician. 
But a few days spent in the classroom having our noses bloodied by the hard 
facts of classroom life, and we realize that we are eaperts in science education 
most when we are away from the science classroom. 

If expertness in teaching method is indecd less than it should be, if we 
are dependent more on testimony than on evidence, how then can a book on 
methods serve the teacher? Each day the teacher gocs into the classroom to 
do his best; each day he strives to do a better job than the day before. And 
he looks for help. Should he turn to this book and its accompanying volumes 
{sce page x), what is he to expect? 

Surely he should expect suggestions which are meant to make his daily 
teaching more effective. He will find here an attempt to do this in the frame- 
work, it is hoped, of sound psychology, sound experience, sound analysis, and 
sound invention. For teaching is, after all, a personal invention. 

Surely he should expect an approach to the solution of problems of 
science teaching consistent with the ideals and objectives of scientists. Often 
he will be disappointed because evidence is lacking; research in science educa- 
tion is in its infancy. Yet if we are sery careful to identify proven facts, un- 
tested hypotheses, and untestable notions, surely we may repair to experience 
asa guide, When a teacher details his experience to others he may not be 
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offering evidence, but he may indeed be in the realm of useful testimony 
selexant to a particular situation, or 10 a limited range of situations. 4 

And surely the reader of these books should expect help in teaching 
"scientific methods", lor this rs required of mm not only by specialists but 
by the community at large One parent perhaps spoke for the community 
when he asked that youngsters be taught more than “the mere facts.” (As 
supenntendent Spinning of Rochester asked, "What is so mere about a fact?) 
The representatives of the community ask that youngsters be taught both the 
ways of scientists and also the body of facts they have discovered. 

"The reader will find three volumes to assist him. The present one deals 
with the tactics and strategy we hope he will find useful in developing his 
own personal teaching mvention Teaching High School Science A Sourcebook 
jor the Brolopeal Sriences (E Morholt, PF Brandwemn, and A. Joseph, 1958) 
deals with laboratory, field, and demonstration techmiques for teaching biology, 
health, and these areas in general science, Teaching High School Science: A 
Sourcebook for the Physical Sciences (A Joseph, P. F Brandwein, and E. Mor 
holt, 1959) does the same for chemistry. physics, earth science, and the physical 
science areas in general science. Brief tables of contents of these two volumes 
are given on pages xx and xxi of thts one The three books together are in- 
tended to be a teacher's vade mecum, his handbook. they are intended to be 
useful in helping him fashion or refashion his personal teaching invention, 

We feel strongly that a book of methods should be not prescriptive but 
illustrative, and we have organized this book so as to carry out this belief. 


First we develop the methods of the scienust and their appheation to the 
methods of the science teacher: 


Section One The special climate of the science classroom 
Chapter 1 Ways of the scientist 
Chapter 2. Teaching the ways of the scientist 


We then discuss the development of patterns of teaching. This to us does 
not mean all the methods, techniques, devices, and procedures of the science 


teacher, it means patterns of teaching concepts and winning participation of 
students in concept seeking 


Section Two Patterns in teaching science 
Chapter 3 Science classes Chapter 7 
Winns ici 
Chapter í Some teachers Chapter 8 The sarne. Aem 
apter iehavioral objectives Chapt 
Chapter 6 Winning the concept Eee SENS REDE PONE 


Once we have developed the scientist’s pattern of investigation (Section 
One) and the science teacher's pattern of teaching (Section Two), we proceed ta 
a ody of the science teachers scope anà sequence, the nature of ie courses 
he teaches. We are also prepared to discuss the ways in which teach 

develop courses to fit their special needs a 
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Section Three Inventions in science courses 
Chapter 10 Introduction to course build- Chapter 15 The course in general science 


ing Chapter 16 “The course in physical sci- 
Chapter 11 Science in the elementary ence 
school Chapter 17. The unit in the course 
Chapter 12. The course in biology Chapter 1$. Building the science course 
Chapter 13. The course in chemistry and curriculum, continued 


Chapter 14 ‘The course in physics 


Then one must know whether objectives have been attained, whether 
children have been helped to grow, whether changes in behavior have occurred; 
we continue with: 


Section Four Determining the success of science teaching 
Chapter 19 Appraising the student: a general approach to evaluation 
Chapter 20. Appraising the student: an approach to test building and interpretation 
Chapter 21 Appraising the teacher's role: supply and demand in science 

We know that one book cannot be all things to all teachers. We include 
here only a brief section, of which the other two books in the series are really 
the expansion, on procedures: 


Section Five Tools for the science teacher 


The demonstration; the chatk-board; the film, with directory of distributors; the film- 
strip, with directory of distributors; the library lesson; the laboratory lesson, with a 
note on workbooks; the field trip; the textbook; the assignment; the report; the project; 
science clubs and science fairs; student laboratory squads; the bulletin board and the 
exhibit case; science facilities, with. directory of suppliers; the professional library; 
the expert, with a note on becoming one; the resource file: where to go for further help 

And we conclude with a section containing verbatim reports on just what 
three different communities have done and are planning to do to accomplish 
our goal of improving science teaching: 


Section Six Blueprints for community action 
The Detroit science education story; the Indianapolis science education story; the Okla- 
homa science education story 

We should tike to take this opportunity to thank a few af those who have 
provided encouragement and assistance: Arthur Greenstone for collaboration 
in the preparation of Chapters 13 and 14, and Herbert Drapkin and Philip 
Johnson for reading crítically galley proof of the whole bool. 

These three bools are really one attempt to provide a foundation for the 
development of individual patterns in science teaching. Teaching remaíns a 


persona’ invention, designed to help young people understand the wortd in 
which they five. 


PAUL F. BRANDWEIN 
FLETCHER. C. WATSON 
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CAUTION TO THE READER al 


Contents 


Section One THE SPECIAL CLIMATE OF THE SCIENCE CLASSROOM 


cuarter 1 = Ways of the scientist lI 


A DOTE AT THE BEGINNING ... TL 

‘The so-called “scientific method”... 11 

Empiricism—one way of the scientist ... 14: empiricism and common sense 
a.. l4; empiricism in the laboratory ... 15, in the classroom ... 15 

Ways of the scientist~planned investigation ... 16: Redt’s investigation ... 17; 
Redi’s pattern of snvestigation ... 19 

Ways of the scientist—hey operations ... 21: before the problem ... 2t; classi- 
fication ... 22: generalizing from data ... 22, formulating and eliminat- 
ing hypotheses ... 22; testing the remaining hypotheses ... 23; translat- 
ing ideas into equipment ... 24; searching for precision ... 24; accept. 
ing a hypothesis as a theory ...25; making value judgments .., 25; 
teleology and its place in science ... 26 

“The problem” and "problem solving" as a hey operation of the scientist ... 
26: recognizing the limuations of concept attamment ... 27 

Concept sceking-the way of the scientist and the way of his world ... 2 

Attitudes of the scientist ... 30 

Teaching the ways of the scientist ... 32 

A SHORT EXCURSION INTO DEVELOPING OVE'S OWN CONCEPT OF SCIENCE AND THE 
WAYS OF THE SCIENTIST ... 32 





CMAPR 2. Teaching the ways of the scientist.. 36 


A NOTE AT THE BEGINNING ... 36 

Doing an investigation in class ... 37: teaching the “appropriate” operation 
^e. SI; teaching the relevant observation ... 38; teaching the design of 
pertinent experiments ... 38; teaching the nature of the control... 40: 
teaching the “worthwhile” experiment ...41; teaching the idea of 
“numbers” of experiments ...42; time to mvestigate, time. to design 
and do experiments ... At; the "problem" situation, the. opportumty 
grasped... 44 

Observing a total scientific operation ... 46: observing scientists “in the flesh” 

46: obserning scientists “vi usly* ,.. 47; the student as scientist. 
el 

Scientists and science teachers a« human beings ... 53 

A SHORT EXCURSION INTO APPRAISING ACTIVITIES APPROPRIATE TO DEVELOPING A 
CUMATE OF SCIENCE ... 55 











CONTENTS sii 


Section Two PATTERNS IN TEACHING SCIENCE 


cmaPttR 3 Science cosses $3 


A MOTE AT THE BEGINNING .,. 58 

The class... 59 . 

te organiatian acd persanatity of classes ... 59: @ “typical” class... 59, 
a class of sctence shy students .. GI: the "special interest” class ... 63. 
the. adtanced science class... 5. "special classes" after school ... 65 

‘The class within its pattern ... 66 @ four-track curriculum ... 66; a tutoring 
school... 68; curricular tracks for a school of 500 students, . 68, of 
200 students ... 68 


A SHORT EXCURSION INTO DEVELOPING ONE'S OWN PATTERN IN SCIENCE CLASSES 
$9 





CHAPHER 4.— Science teachers 71 


A NOTE AT TilE BEGINNING... 71 
‘Three patterns ... 71: @ pattern of domination (Mr. A) . 72, @ pattern of 


the lassez faire (Mr. M) ... 25. a pattern of the democratically planned 
(Ste, P) ... 78 


AN EXCURSION INTO. APPRAISING TIE. TEACHER AS CLASSROOM. LEADER ... 82 


CHAPTER 5 — Behavioral objectives 86 


A NOTE AT THE BEGINNING ,,. 86 
Bases for a statement of objectives ... 87: a base in developmental tasks .. 


S7; a base in field covering ... 89; a base 1 the generalization approach 
11.90, a synthesis... 91 


The behavioral objective... 93. rase 1, sample objectrves in elementary school 
sctence ... 90: case 2, sample objectives in high school science 95, 
case 3, sample objectives in. adjusting 10 scentific conditions — 96; 
patterns in behavioral objectives .. . 97 

Patterns of objectives in relation to a science teaching pattern — , 101, the 
beginning teacher ... 101; after the first years ,., 102, one pattern of 
behavnoral objectiver—“critical thinking” ... 103 


AN EXCURSION INTO DEVELOPING ONE'S OWN STATEMENT OF OBJECTIVES .. 105 


cHaPtER 6 Winning the concept 109 


A NOTE AT THE BEGINNING ,,, 109 

‘The meaning of concept .., 109 

Concept formation in science ... 111 

Concept formation, problem seeking, and problem solving... 112 
Learning theory in relation to concept formation .. 114 

Eurekas—big and Intle ... 118° lesson planning for concept formation . 
A pattern for selecting learning situations . . 122 

A SHORT EXCURSION [NTO PLANNING FOR CONCEPT FORMATION ... 123 


.120 


€waswe 7.— Winning participation 124 
A NOTE AT THE BEGINNING ... 124 
‘The purpose of what follows .. 124 


‘The pattern of the lesson ... 126. before the beginning of the lesson 
the beginning of the lesson 





126, 
130, the middle of the lesson (techniques 





zie CONTENTS 


in questioning) ... 131; the end of the lesson ... 135, summary, the 
lesson ... 136 

Patterns in lessons ... 136: the lecture as a lesson ... 136; the recitation as a 
lesson ... 188; the laboratory exercise as a lesson ... 188 

Summary 2, the lesson ... 143 

AN EXCURSION INTO METHODS OF WINNING PARTICIPATION OF OVE'S STUDENTS IN 
LEARNING ... 14$ 


CHAPTER B. The science shy 146 


A NOTE AT THE BEGINNING ... 146 

The scenceshy student-his nature ... 146: his intelligence ... 147; his in- 
terest ... 147; and the nature of the course ... 147; his prior prepara- 
tion ... 148; et cetera ... 148 

An approach to teaching the slow learner (case study) ... 150: organizing the 
class and. program ... 150; guidance ... 151: planning ... 152; special 
curricular design ... 151; special teaching pattern ... 154; progress re- 
port ... 162; the science shy in heterogeneous groups ... 162; grades 
wo 168 

A SHORT EXCURSION INTO DEVELOPING ONE'S OWN APPROACH WITH THE SCIENCE 
sHy .,- 164 














cuarter 9 = The science prone 167 


A NOTE AT THE BEGINNING ... 167 

The nature of science proneness—a working hypothesis ... 168: genetic fac- 
tors... 163; predisposing factors... 169; activating factors ... 170; 
evaluating the role of the genetic factor... Vil, of the predisposing 
factor ... 172, of the activating factor ... 176 

Characteristic behavior of science-prone students ... 178 

A general base in curricular policy for the science prone ... 180: the advanced 
course . . . 182; the special course ... 182; the special group ... 182; the 
advanced school... 183; the special school ... 184; the independent 
school ... 184; some practices in small schools ... 184 

A general base in method for the science prone... 184: knowledge of dif- 
ferences ...185; differentiated seating ... 185, assignments ... 185, 
fexts ».. 185, laboratory work ... 186, fests... 186 

A case study of an approach to teaching the science prone ... 187: the science- 
prone student in class... 187 

The teacher's responsibility .... 196 

AN EXCURSION INTO DEVELOPING ONE'S OWN INVENTION IN TEACHING THE SCIENCE 
rroxe ... 196 














Section Three INVENTIONS IN SCIENCE COURSES 


quarter 10 Introduction to course building . 202 


A NOTE AT THE BECISSING ... 202 

Trends in. development of the science curriculum n.. 202: continuity in sci- 
ence expenence ... 202: drvernfication .. . 207; a change im the purpose 
of instruction .., 208, indizidualization of instruction ,,, 208; correla 
ron of subject arcas ... 200; increase in. laboratory work ... 909, in- 


S thes - CONTENTS yy 


crease in the use of mathematics . . . 218; science as a way of hfe ... 214; 
the trend toward general education ... 214 

A continuous, multi track curriculum .. 217 

A study of the science curriculum ... 219 

A BIBLIOGRAPHICAL EXCURSION INTO SCIENCE IV GENERAL EDUCATION ... 220 





CHAPTER TT Science in the elementary school 221 


A NOTE AT THE BEGINNING. 221 

Emphasis on science in the elementary schoot ... 222 

Purposes of the science program in the elementary school. . 222: general 
education mm scence .. 223, prepanng future scientists ., 224 

Types of science programs in the elementary school. 225° the content of 
science . 225; methods commonly used tn teaching science to children 

-. 925, same characteristics of children and how they learn... 232 
High school texchers! role in. improving elementary science teaching. . 233 
AN EXCURSION INTO ELEMENTARY SCIENCE ... 235 


CHAPTER 12 The course in biology 236 


A NOTE AT THE BEGINNING — . 236 

Development of the course in biology. .236 

Patterns of present courses in biology . 210 the systematic, or college 
preparatory, course .. 243, the principles, or conceptual schemes, course 
«+0 243; the needs-centered course. 244, the compromise course. 
245, the vocational course and the home economics course, 246, the 
honor course ... 246 

Frames for developing a course in biology ... 246° conceptual schemes . 
246, problems. . 248, needs arid interests... 249, objectives... 249, 
a5 frames of reference 

Special considerations in teaching biology ... 251. the flavor of the course. 
251; the place of the laboratory ... 25]; terminology . . 952; "contro- 
versial" topics ... 252 

AN EXCURSION INTO DEVELOPING ONE'S OWN COURSE IN BIOLOGY .. 255. 


CHAPTER 13 The cour: 





n chemistry — 258 


A NOTE AT THE BEGINNING , . , 258 

Development of the course in chemistry . . . 259. 

Patterns of present courses in chemistry.. 261. the college preparatory 
course ,.. 261, the prenceples course. 268, a different course ... 263, 
the applied chemistry course... 265, the functional course ... 266, the 
honor course .. . 267 

Frames for developing a course in chemistry .,. 268: objectives . . 268, con 
ceptual schemes ,.. 270, needs and. mterests ,.. 270, unis... 272, as 
frames of reference. 

Special considerations in teaching chemistry .. 278 the flavor of the course 

++ 298, chemutry and social problems ..273, the problem of safety 
++. 274, theory vs application ... 275; historical sequence ... 275; the 
value of laboratory work and demonstrattons ... 276 
AN EXCLRSION INTO DEVELOPING OVE'S OWN COURSE IN CHEMISTRY .. 280 





xx] CONTENTS 


CHAPTER 


CHAPTER 


CHAPTER 


CHAPTER 


CHAPTER 18 Buil 


14 — The course in physics 282 


A LONG NOTE AT THE BEGINNING ... 282 

‘The development of the course in physics ... 285 

Patterns of present courses jn physics ...288. the textbook as a course out- 
line ... 288; the college-preparatory course ... 289; changes in college 
physics ... 291; changes "to come" in high school physics ... 293; the 
applied physics course ... 299; summary ... 302 

Frames for developing a course in physics ... 302: conceptual schemes .. . 302, 
topics ... 303, problems ... 305, needs and interests ... 306, historical 
approach ... 307, as frames of reference 

Special considerations in teaching physics ... 808: the flavor of the course . 
308; the place of laboratory work ... 309; the place of mathematics . 
3 

AN EXCURSION, LENGTHIER THAN USUAL, IN DEVELOPING O«E'S OWN COURSE 15 
PHysics ... 313 


15 The course in general science ... 316 


A NOTE AT THE BEGINNING ... 316 

Development of the course in general science ... 316 

Patterns of present courses in general science ...317: the survey course 
-+- 319; the environment-centered course... 319; the undesstanding- 
the-modern-world course ... 319; general science in the core program 
~. 321; summary ... 322 

Frames for developing a course in general science ... 323: policy ... 323, 
objectives ... 327, scope and sequence ... $29, conceptual schemes .,. 
335, as frames of reference 

Special considerations in teaching general science ... 337 

AN EXCURSION INTO DEVELOPING ONE'S OWN COURSE IN GENERAL SCIENCE ... 337 








16 The course in physical science ... 340 


A NOTE AT THE BEGINNING ... 340 

Bases for a course in physical science ... 340 

Tentative patterns of courses in physical science ... 342 

A look at the future of the course in physical science ... $15 

A BRIEF EXCURSION INTO DEVELOPING A COURSE IN PHYSICAL SCIENCE ... 344 


17 The unit in the course. 345 


A NOTE AT THE BEGINNING ... 343. 

"The purposes of units ... $16 

Building a unit .., 347: the function of format ... 318; an approach to a unit 
on planis and ther environment ... $50; an approach to a unit on 
sound and music ... 352; resource units... 355 

Units in their context (their curricular environment) ... 355: units and grade 


level (vertical mobility) ... $62; units and course boundaries (horizontal 
mobility) ... $62 


A BISLIOGRAPINICAL EXCURSION INTO DEVELOPING ONE'S OWN CNITS ... 363 








jing the science course and curriculum, continued 301 
A NOTE AT THE BECINAING .., 364 


CONTENTS «vit 


Approach to curriculum revision S61: research av a frome of reference 
365, long term policy as a frame of reference... 365 
‘The process of curriculum revision. 370 approach to planning ... 371; 
‘curriculum revision as a continuous process... 372; Implementing cur 
neulum revision. $72 
AN EXTENDED EXCERSION INTO DEVELOPING ONE'S OWN CLRRICULAR INVENTION 
. $16 standard sequence 377. substitute courses... $78; a core 
curriculum .. 378, four years of science ... $79 


Section Four DETERMINING THE SUCCESS OF SCIENCE TEACHING 
cmar 19. Appraising the student; n genero! opprooth to evaluation 
388 


A NOTE AT THE BICINNING —— $88. 

Purposes of evaluation 3983 what to evaluate for . $83, what t0 evaluate. 
++ 389, summary. 392 = 

Techniques of evaluation . $92 observation . 393, testing . 895 

Fraluation for achievement. $99" “cheap” end “expensive” recall 400, 
more than recall—sktils . , 402, more than recall and skills—reasoning 
s.. 403 

Evaluation for disgmows , .404 abtlty to interpret data 407, abutty ta 
apply prinaples ... 4t0, understanding the nature of proof +2. a 
brief look at the “practica! side ., 414. evaluating beyond recall, skills, 
and yeasoming—attutudes . 415 

Evatuaton for prediction. . 416 


CHAPTER 20 Appraising the student: an epproach to test building and in- 
terpretation 4231 


A NOTE AT THE BEGINNING ,,, 421 

A case study in evaluation ,.. 4217 (he realities o (he sttuation— 425, dif. 
ferent tracks ... 425; par value... 425; student sharmg in testing 
426, teacher parttcipation in the evaluation program. . 427. a test 
which stimulates students to study harder. 428, standard examina 
Lions ,.. 43] 

AN EXCLRSIOY INTO DEVELOPING ONE'S OWN FLALUATION PROGRAM ,— 432 
Sources of test tems and information ,,, 432, notes and hints for the 
improvement of tests .. 435, test interpretation .. $40, @ brief look at 
the interpretation of test scores ... 452 


cnet 21 Appraising the teacher's role: supply and demand in science 


A NOTE AT THE BEGINNING 

‘The need for scientists . 

The need for citizens prepared to live in a scientific world — . 450: the material 
side.. 450, the intellectual side .., 451; a. portratt of the screntist—by 
high school students .,. 451 

‘The need for science teachers ... 465: the growth up Science enrollments .. 
465; the importance of able science teachers ... 466, the present de- 
mand for teachers ... 469; the present supply of teachers ..,.470, the 
future need ... 474 





448 
i 





xvii CONTENTS 


Section Five TOOLS FOR THE SCIENCE TEACHER 


1 The demonstration ... 476; 2 the chalk board ... 478; 3 the film, with 
directory of distributors ... 179; 4 the filmstrip, with directory of distributors 
+. 483; 5 the library lesson ... 485; 6 the laboratory lesson, with a note on 
workbooks 486; 7 the field tip... 490, 8 the textbook 493; 9 the 
assignment ... 496; 10 the report ... 497; 11 the project ... 498; 12 science 
clubs and science fairs ... 500; 13 student laboratory squads ... 501; 14 the 
bulletin board and the exhibit case ... 505; 15 science facilities, with directory 
of suppliers ... 506; 16 the professional library ... 516; 17 the expert, with 
a note on becoming one ... 522; 18 the resource file: where to go for further 
help ... 525 








Section Six BLUEPRINTS FOR COMMUNITY ACTION 


1 The Detroit science education story ... 532: 2 the Indianapolis science edu 
cation story ... 541; 3 the OlJahoma science education story ... 549 


Author index . . 557 


Subject index . 561 


CONTENTS xix 


ALSO IN THIS SERIES 





TEACHING HIGH SCHOOL SCIENCE: 


A Sourcebook 


for the Physical Sciences 
by Alexander Joseph, Paul F. Brandwein, and Evelyn Morholt 


CONTENTS 


Section One Introduction 


Patterns in the use 

of laboratory techniques and procedures 
Section Two Techniques in the classroom: 
materials common to gen- 
eral science, physics, chem- 
istry, physical science, and 
earth science 


1. Molecular motion and forces 

2. Matter: properties, changes, and con- 
servation 

3. Weather and the atmosphere 

4. The earth's surface 

5. Planets, stars, and other bodies 


Section Three Techniques in the cass- 
room: chemistry 


6. Valence, equations, and the periodic 
table 

. Oxygen and combustion 

. Preparation and properties of hydro- 
gen 

9. Water 

10. Acids, bases, and salts in solution 

Ml. Sulfur, phosphorus, carbon, and sili- 

«on 

12, Metallurgy and properties of metals 

13. The halogens 

14. The alkali metals 

15. Nitrogen and its compounds 

16. Electrochemistry 

t7. Types of chemical reactions 

18, Organic chemistry I: introduction 


ox 


19. Organic chemistry II: fuels 

20. Organic chemistry III: fibers and plae 
tics 

21. Consumer chemistry I: foods 

22. Consumer chemistry II: cosmetics 

23. Consumer chemistry I11: maintenance 
of materials 


Section Four Techniques in the class. 
room: physics 


21. Air pressure 

25. Liquid pressure 

26. Force and motion 

27. Work, energy, and power 

28. Heat and heat engines 

29. Automobiles, engines, and rockets 
30. Sound and music 

31. Light and color 

$2. Electric charge and current 

33. Magnetic and electromagnetic fields 
34. Electromagnetic induction 

35. Communications: wire and electronic 
36. Nuclear and solar energy 


Section Five Special techniques and tools 
for the teacher 


$7. Additional techniques for laboratory 
work 

38. Making optical and photographic 
equipment 

39. Science facilities for a science program 


Section Six Appendix 


Teachers’ references 


THE SPECIAL CLIMATE 
Section One | OF THE SCIENCE 
CLASSROOM 


Sooner or later the discussion at teachers’ meetings, conferences, and 
conventions usually resohes into one solution of the problem of improving 
science teaching: getting better teachers. Then, often, two exaggerated images 
of teachers appear. One is of the modern “good” or “inspiring” teacher, a 
vigorous, dynamic, intelligent, informed, friendly, warm person who likes 
children and is devoted to society. In his or her classroom the atmosphere is 
conducive to learning; the climate is cheerful, social, clean, permissive; 
relationships between student and teacher are creative and democratic. The 
content of the course is based on the needs and interests of the individual; 
the aim of education is to have each child grow to his utmost, develop to 
his fullest potential. Children learn science by doing; the lesson is an 
experience in search of meaning. 

The other stereotype is of the “uninspiring” teacher, who feels that 
children don’t want to learn but must be made to learn, that they are 
undisciplined, disrespectful, and unwilling to work: “It is good for children to 
work hard to learn self-discipline; this will help them become better people. 
Every youngster must know certain things in order to succeed in life. The 
child will grow best when he is forced to do his work; and this work consists 
of college-preparatory courses, If the youngster is not successful in these 
courses, he deserves to fail, for he is definitely not prepared for life.” 

Of course, these are caricatures, not real people. Nevertheless, a teacher 
does establish a climate in his classroom, as well as an individual pattern 
of teaching. And in science, particularly, the climate of the classroom is 
determined not only by the personality of the teacher but also by the character 
of the subject; the method of the scientist and the method of the science 
teacher go hand in hand. 


Chapter ] Tür SPECIAL CLIMATE OF THE SCIENCE CLASSROOM: 
WAYS OF THE SCIENTIST, p. ll 

Chapter 2. tite SPECIAL CLIMATE OF THE SCIENCE CLASSROOM: 
TEACHING THE WAYS OF THE SCIENTIST, p. 36 


The stuff of science, the experiences in which the scientist finds meaning, 
are everywhere about us—wherever a life is born, an insect or a rocket flies, 
a bool is opencd—there science is being taught and learned: in the following 
pages, and in our classrooms. 


WE TAKE FOR AN INTRODUCTION 
THESE WORDS OF ÁLBERT EINSTEIN: 


«T 3 

he most beautiful 
and most profound emotion 
ne can experience 


is the sensation 


of the mystical. 
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It is the dower 


of all true science. 











He to whom this emotion 
is a stranger, 

who can no longer wonder 
and stand 

rapt in aue, 

is as good as dead,” 
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"It is the supreme art of the teacher 
to akaken joy in creatite expression and knouledge.” 








The special climate of the science classroom: 


Ways of the scientist 


A note at the beginning: We have at hand 42 syllabuses, from 37 states, for 
general science, biology, physics, chemistry, earth science, 
and physical science courses. They have one thing in com- 
mon; all propose to teach the scientific method. Forty- 
one of them seem to deal with the “empirical approach,” 
the slowest, least effective way of “problem solving.” 

Actually the word “science” stands for such a com- 
plex variety of information, abilities, and operations that 
none of the many published definitions seems wholly ade- 
quate. We hesitate to add one more effort to compress 
the grandeur of science and scientific work into a brief 
pattern of words. However, perhaps we can clarify what 
science isn't, and suggest explicitly what it involves. Many 
eminent scientists and philosophers have written about the 
nature of science; those readers who wish to go beyond our 
discussion may find the books listed at the end of the chap- 
ter helpful. 

One peculiarity of ours will certainly not escape you: 
we tend to think of science more as a verb than as a noun; 
we tend to think of the way a scientist works rather than 
what science is. We think that science is more concerned 
with the process by which a body of reliable knowledge is 
obtained than with the resulting body of knowledge it- 
self. Consequently when we talk of science, we shall really 
be talking about ways in which scientists seek concepts. 


The so-called "scientific method” 
"To predict what an individual scientist will do is hazardous, for as indi- 


viduals they do a variety ol actisities in diflerent ways. However, there atc 
some common attributes of "scientific" behavior, and these are what we are 
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Quotations by Albert Einstein, from Out of My Later Years, New Yor! 
Philosophical LYbrary, 1950, and motto on the Astronomy Building of Pa 
ena Junior College, Californie. 





Prorocrapns Page 2 Ken Heyman Page 3. Lucien Aigner trom Monk- 


meyer Page 4 iop Arline Strong bottom Black Star Page $, top left 
Carola Gregor from Monkmeyer bottom left. Bob Jones right” Robert J 
Smith from Black Star Page 6 Eugene Tulchio Page T, top Motris Rosen 
feld bottom Alfred Werthelmer Page 8, left and top right. Nancy Hays 


from Monumeyer bottom right Ph Palmer Trom Monkmeyer Page 9 
Paul George Schutzer 





Scientific method is something talked about by people standing on the out- 
side and wondering how the scientist manages to do it. These people have been 
able to uncover various generalities applicable to at least most of what the scientist 
does, but it seems to me that these generalities are not very profound, and could 
have been anticipated by anyone who Anew enough about scientists to know what 
is their primary objective. I think that the objectives of all scientists have this in 
common-that they are all trying to get the correct answer to the particular prob- 
lem in hand. This may be expressed in more pretentious language as the pursuit 
of truth. Now if the answer to the problem is correct, there must be some way of 
ing and proving that it is correct; the very meaning of truth implies the 
ty of checking or verification. Hence the necessity for checking his results 
always inheres in what the scientist does. Furthermore, this checking must be 
exhaustive, for the truth of a general proposition may be disproved by a single 
exceptional case. A long experience has shown the scientist that various things are 
inimical to getting the correct answer. He has found that it is not sufficient to 
trust the word of his neighbor, but that if he wants to be sure, he must be able 
to check a result for himself. Hence the scientist is the enemy of all authoritarian- 
ism. Furthermore, he finds that he often makes mistakes himself and he must learn 
how to guard against them. He cannot permit himself any preconception as to 
what sort of results he will get, nor must he allow himself to be influenced by 
wishful thinking or any personal bias. All these things together give that “objec- 
tivity” to science which is often thought to be the essence of the scientific method. 

But to the working scientist himself all this appears obvious and trite. What 
appears to him as the essence of the situation is that he is not consciously following 
any prescribed course of action, but feels complete freedom to utilize any method 
or device whatever, which in the particular sttuation before him seems likely to 
yield the correct answer. In his attack on his specific problem he suffers no in- 
hibitions or precedent or authority, but he is completely free to adopt any course 
that his ingenuity is capable of suggesting to him. No one standing on the outside 
«an predict what the individual scientist will do or what method he will follow, 
In short, science is what scientists do, and there are as many scientific methods as 
there arc individual scientists. 





Science progresses as the explanations (or concepts) * it produces for pre- 
viously unexplained things or events both fit the facts on which they were based 
and lead to new predictions which can be tested. The results of these tests 
may or may not agree with these predictions. If they do agree, our confidence 
in the explanation is bolstered, for we then have added one more set of phe- 
nomena which we can predict. 1f, however, after repeated experimental work 
our expectations and observations do not agree, or do not agree as well as we 
vould tile, then our explanation must be re-examined to remove, if possible, 
the new discrepancy. And so we have 2 continuous round of discrepancy, 
explanation, prediction, test, new facts, new explanation. 

‘This sell-correcting process is basic to 21] scientific work. But individual 
scientists, despite their best intentions, are biased, misinterpret data, and 
formulate erroneous explanations, Then how is it that we attain any increase 
in predictive ability? Independence, in science at least, has its price; the inde- 
pendence of each individual, as Bridgman noted, imposes upon him a continu- 


3 In this chapter we shall use the term “concepts” In its dictionary sense, as equivalent to 
Midea™ or “principle” or “generaluation.” For its more technical meaning see Chapter 6. 
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searching for. Unfortunately a great myth has developed that the scientist. has 
some special, even regular, way of proceeding; he has, too many people believe, 
a “scientific method,” which is the key to his success. Often this scientific 
method is reduced to five steps: 


. Define a problem. 

. Gather relevant data. 
Form hypotheses. 

. Test the hypotheses. 

5. Reach a conclusion. 


perme 


No one will deny that scientists do all these things, but knowing that they 
"define problems" is no more help to us in doing likewise, or even in under- 
standing what they are doing, than knowing that artists “paint pictures. 
What this scheme does not tell us as exactly what we need to know: What 
operations are represented by the verbs? Let us describe a “method” of moun- 
tain climbing m the same way: 


1, Select an unclimbed mountain. 
2. Organize a party. 

3 Plan the equipment 

4, Go to and climb the mountain, 
5. Plant a flag on the top. 


Mountain climbers do these things, but does this analysis help you to “select,” 
"organe," "plan," or "climb"? The analysis may be correct but it is sterile, 
it does not aid us in performing or even understanding these operations. 

Percy Bridgman, Nobel Laureate in Physics, cuts a broad swath through 
the definition of the methods of science by a general statement which appeals 
to many other scientists: “The scientific method, as far as it is a method, 1$ 
nothing more than doing one's damnedest with one's mind, no holds barred." * 


He goes further, in an article addressed to teachers, to say (the italics in the 
final paragraph are ours). ? 


Tt seems to me that there is a good deal of ballyhoo about scientific method. 
T venture to think that the people who talk most about it are the people who do 
least about it Scientific method is what working scientists do, not what other 
people or even they themselves may ask about it No working scientist, when hc 
plans an experiment in hus laboratory, asks himself whether he is being properly 
scientific, nor is he interested in whatever method he may be using as method. 
‘When the scientist ventures to criticize the work of his fellow scientist, as 1 not 
uncommon, he does not base his muasm on suth ghttering generahues as failure 
to follow the "scienufic method,” but his criticism 1s specific, based on some fea 
ture characteristic of the particular situation. The working scientist is always too 


much concerned with getting down to brass tacks to be willing to spend his ume 
on generalities 


2P W Bridgman, “Prospect for Intelligence.” Tale Review, 34, 450, 1915, teprinted in 
Refiçtrons of a Phyneist, Philosophical Library, Ñ Y., 1950, p. Sit. 


2P. W. Bridgman, on “Saentific Method,” The Teaching Saentist, Dec, 1949, p, 23, 
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door. This follows the route of the systematic “try it and see” or “trial and 
error" approach. The "method of solution" might een be placed on the 
blackboard thus: 

Problem: To open the door 

Apparatus: Keys 

Method (observations): Try in sequence each key 

Operation: Systematic trials 

Conclusion: Key No. 1007 opens the door 


M the reader objects and says that this is simply common sense, he is 
correct. The “try it and see” (empirical) approach is a common-sense approach, 
and it is used in many fields of endeavor besides science. Much of the labora- 
tory work useful in defining the characteristics of new phenomena is precisely 
this: a systematic “try it and see,” or empirical approach. Note that empiricism 
when effective is systematic; that is, it is guided by ideas and concepts. With- 
out such guiding ideas, activity in concept attainment is futile. 


Empiricism in the laboratory 


Let us look at a laboratory investigation which exhibited a high degree 
of empiricism: the making of complex iron alloys. Small changes in the per- 
centages of many elements (carbon, silicon, phosphorus, nickel, or sulfur) 
were known to alter the properties of the final alloy. Yet desired properties 
could not be obtained by prediction; for no reliable generalized explanation, 
no concept about the interactions of several metallic components, had been 
proposed. The systematic making and testing of many individual samples was 
the only way to discover how they would behave. Later, if desired, any of the 
sample alloys could be duplicated, but the properties of a new alloy could 
not be predicted, nor could an alloy of given properties be designed. 

This is an example of almost pure empiricism; empiricism allows us to 
choose only among the things we have already done. Thus empiricism, though 
indispensable, when unaccompanied by some effort to attain prediction is a 
slow and fairly unsatisfactory way 10 get results. 


Empiricism in the classroom 


Crude empiricism often appears in the classroom. A question js asked, 
by the teacher or a student, which leads possibly to one of the following 
statements below: 

Lers do an experiment. 

We're scientists. Let's try it and see? 


Suppose the question is "Does air have pressure?" (It is hard to believe 
that students would worry very much about this, but the lesson remains 2 





T Students in the hizb «xhool science classroom are not. of course, “screntists,” ant mote 


than one who writes 2 compounon is a “writer,” of one who draws im thc an dan it an 
Tant" 
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ous attitude of constructive skepticism toward his own work and that of others. 
Diversity of explanation of known data is not only unavoidable but essential; 
indeed, diverse explanations are assiduously sought. A fundamental aspect of 
science, as 1t has evolved over the centuries, is that the alternate answers which 
arise in this way, incomplete or erroneous as they probably are, are so formu- 
lated that each 1s susceptible to additional testing, and thus is productive of 
further concept attainment.t Concept attainment is a goal of the scientist. 

Consider, for example, the explanation of the origin of continental gla- 
ciers, the great ice sheets which a few thousand years ago covered a considerable 
part of the United States, Evidence convinces us that such ice sheets did exist. 
But what was the mechanism o£ their formation? Can we predict the condi- 
tions under which they would reappear? William L. Stokes stated that to his 
knowledge twenty-nine different explanations were in the literature, and he 
went on to say that "Most of these had little chance of survival from the first, 
but others enjoyed some degree of success until they were rendered untenable 
by subsequent accumulated information." Not content, he went on to propose 
a thirtieth explanation, 

Such a multiplicity of effort may seem wasteful, but it surely is not; only 
by having a variety of different trial explanations, based on different selections 
of data and physical mechanisms, can we obtain the clues we need in order 


to make further useful observations. These observations can be expected to 
weed out many of the trial explanations. 


Empiricism—one way of the scientist 


Many discussions of science, or of “scientific method,” point to empiricism 
as the essence of science, as do the syllabuses mentioned at the beginning of 


this chapter. Let us take a look, for a moment, at this empiricism and see 
what it is. 


Empiricism and common sense 


Conant* has illustrated. the sense of empiricism, the "cut and wy" ap- 
proach, by a commonplace example. Take out a set of keys and ask someone 
to unlock a given door. Clearly the approach to the solution of this problem 
is empirical, lacking any clues, any basis of selection, any hypothesis to guide 
him, the "experimenter" will try the keys until he finds one which opens the 


4 We use the terra concept attamment as it is used by Jer. 
ame S. B: 
Goodnow, and George $. Ausun, in A. Study of ‘Thinking. Waee, N. V tis entity 
TRY atempung v distinguish between the problem doing in which students im bur estab- 
t uch results in confirming concepts already di ed: the 
be escaped if they follow instructions or the teacher's ca deed quemioatogy sed the 
k cuon: refully d 
problem salving of soemusts which js actualiy dieci at concept artaident, Thes sonttpis 
mE ru apter 6 we discuss, within the limits of this work, the nature of 
s "Another Look at the Ice Age,” Science, 122, 815, 195 
Y z, 122, 815, 1955, 
* James B. Conant, Science and Common Sense, Yale U. Press, New Haven. 1951. 
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Redi's investigation '* 


Line I Tt being thus, as 1 have said, the dictum of ancients and moderns, and the 
popular belief that the putrescence of a dead body, or the filth of any sort of 
decayed matter engenders worms; and being desirous of tracing the truth in 
the case, I made the following experiment: 

At the beginning of June I ordered to be killed three snakes, the kind 
called eels of Aesculapius. As soon as they were dead, I placed them in an 
open box to decay. Not long afterwards I saw that they were covered with 
worms of a conical shape and apparently without legs. These worms were 
intent on devouring the meat, increasing meanwhile in size, and from day 

Line 10 to day I observed that they likewise increased in number; but although of 
the same shape, they differed in size, having been born on different days. 

But all, httle and big, after having consumed the meat, leaving only the 
bones intact, escaped from a small aperture in the closed box, and Í was 
unable to discover their hiding place. Being curious therefore, to know their 
fate, I again prepared three of the same snakes, which in three days were 
covered with small worms. These increased daily in number and size re- 
maining alike in form, though not in color. Of these, the largest were white 
outside, and the smallest ones, pink. When the meat was all consumed, the 
worms eagerly sought an exit, but L had closed every aperture On the nine- 

Line 20 teenth day of the same month some of the worms ceased all movements, as 
if they were asleep, and appeared to shrink and gradually to assume a shape 
like an egg. On the twentieth day all the worms had assumed the egg shape, 
and had taken on a golden white color, turning to red, which some darkened, 
becoming almost black. At this point the red, as well as the black ones, 
changed from soft to hard, resembling somewhat those chrysalids farmed by 
caterpillars, silkworms, and similar insects. My curiosity being thus aroused, 

1 noticed that there was some difference in shape between the red and the 
black eggs [pupae], though it was clear that all were formed alike of many 
rings joined together; nevertheless, these rings were more sharply outlined, 

Line 30 and more apparent in the black than in the red, which last were almost 
smooth and without a slight depression at one end, like that in a lemon 
picked from its stalk, which further distinguished the black egg like balls. I 
placed these balls separately in glass vessels, well covered with paper, and at 
the end of eight days, every shell of the red balls was broken, and from each 
came forth a fly of gray color, torpid and dull, misshapen as if half finished, 
with closed wings: but after a few minutes they commenced to unfold and 
to expand in exact proportion to the tiny body which also in the meantime 
had acquired symmetry in all its parts. Then the whole creature, as if made 
anew, having lost its gray color, took on a most brilliant and vivid green: 

Line {0 and the whole body had expanded and grown so that it seemed incredible 
that it could ever hase been contained ín the small shell. Though the red 
eggs [pupae] brought forth green flies at the end of eight days, the black ones 
labored fourteen days to produce certain large black flies striped with white, 
having a hairy abdomen, of the kind that we see daily buzzing about the 
butcher's stalls. 


V. Press, Cambridge, £956 1953 

1. B. Cohen, Science, Servant of Man, Little, Brown, Reston, 1919. 

W. EL B. Beveridge, The Art of Snentific Investigation, W, W_ Norton. N. ¥.. 1950. 

14 Francesco Redi (0621-1007). From Esperienze rtormo alla generazione deplinsetti, 
fatte da Francesco. Redi e do lui seritte in una. lettera. all'illustrisiimo Signor. Carlo. Dati, 
Florence, 1659. translated by. M. Bizelom as fiperiments on the Generation of Insects, by 
Franeeica Redi, Open Coun Pabhshing Cn, Chitazo. 09. 
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standard one) The teacher writes the problem on rhe board: "Does air have 
pressure?” Then an outline on the board follows, something Tike this: * 


Problem Does air have pressure? 

Apparatus needed. A can, burner, stopper, tripod, and water- | E i 

Observations. (Written by students mn ther notebooks. This is a description o 
what they “med” and “saw ') “We heated the water in the can unti] steam 
appeared ‘Then we put a stopper in the can As the can cooled, its walls began 
to collapse” à 

Argument” Since the steam displaced the air, a partial vacuum was produced 
inside The collapse of the can must have been due to a force acting on the 
outside This force ss the pressure of air. (No other explanation seems adequate ) 

Conclusion Aur exerts pressure. 





There is nothing wrong with using simple empi we all do it daily 
and the scientist does it too. However, in the example just cited a great many 
things are wrong, both scientifically and pedagogically. No real problem ex- 
isted for the students, for there was no discordant observation, no trial expla- 
nation, not even an “educated guess.” There was no testing of a hypothesis 
by testing its consequences There was no design or even selection of equip- 
ment with which to gather the needed information. And, of course, there 
could be no reasoning to fit the new information to an initial explanation. 

This demonstration, done to the death, is really quite sophisticated. The 
student cannot see what is happening in the can, and he must recall consider- 
able information if he 1s to "believe" the explanation desired His tacit agree- 
ment to many concepts (principles) is assumed: water as vapor occupies a 
much larger space than as liquid; water vapor will displace air, upon cooling 
water vapor condenses with a lowering of the gas pressure (inside the stoppered 
can) Then he may be able to visualize the difference in pressure inside and 
outside the can which resulted in its collapse. Finally attention is focused on 
the question, What is the origin of the external pressure? In short, more than 
the empirical approach is necessary to understand what is really happening— 
insight, for instance, as well as prior experience and reading, 


Ways of the scientist: planned investigation 


So far we have attempted to describe empiricism, the “try it and see” 
approach. We have seen that it is indeed a part of the scientific approach; we 
cannot picture a scientist unwilling to go into the laboratory and “try it.” 
But “it” 1s always a specific operation or reaction seemingly worth the effort 
to “try.” In other words, more than empiricism is involved in science. 


Let us examine a classic investigation and analyze the operations in- 
volved, both physical and intellectual, from beginning to end. 


8 Taken from the board work of a teacher of sence in “Hearsay” Hi 
reay” High School, 
serena he accompanying volume by E. Morbolr, P. Brandwem, and A Joseph, Teaching High 
ence A Sourcebook for the Brological Sciences, details a number of such readings A 
good number of such cases are also given bys Mw 


J B Conant, Duane Roller, Leonard Nash et al, The Harvard Case Studies, Harvard 
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Redi's "pattern of investigation" 


1. [There is a] dictum that the 
putrescence of a dead body, or the 
filth of any sort of decayed matter, 
engenders warms; and being desirous 
of tracing the truth ... made the 
«+» experiment, (lines 1-4) 


2. Having considered these things 
I began to believe that all worms 
found in meat were derived directly 
from the droppings of flies, and not 
from the putrefaction of the meat. 
(lines 4648) 


J. Belief would be useless without 
the confirmation of experiment, hence 
in the middle of July, I put... 
(lines 50-54) 


4. It was not long before the meat 
and fish in the [open] vessels became 
wormy ., . [but] in the closed flasks 
I did not see a worm. (lines 54-57) 


5. Not content with these experi- 
ments, I tried many others at different 
Seasons, using different vessels. (lines 
62-63) 


6. In order to remove all doubt . . . 
I prepared a new experiment... 
(lines 75 ff.) 


7. I never. saw any worms in the 
meat... (lines 80 ff.) 


1. A widely accepted explanation 
has never been tested. Suspicion is 
aroused. A test is designed. 


2. The preliminary test has yielded 
observations which do not agree with 
the accepted explanation. These ob- 
servations suggest an informed guess— 
a working hypothesis. A new concept 
has been formed; it deserves testing. 


3. An experiment is designed to 
test. this hypothesis under devised 
conditions. A contro] is used for com- 
parison. 


4. The experimental design of the 
operation is found useful. Differences 
between the experiments and control 
cases support the tentative hypothesis; 
they do not support the accepted be- 
lief. 


5. Further observations are made 
in order to generalize the observation. 


6. A further modification in design 
broadens the evidence to clarify the 
effects of the air. 


7. The working hypothesis has 
been checked, minor variables have 
been eliminated, and the hypothesis 
has been supported by all the avail- 
able evidence, 


We may generalize this pattern taking into account the work of many 


scientists: 


Y. "Here seems 10 be a dificrence between what is observed and what 
is expected; or a vague explanation has been generally accepted without 


testing. 
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Line 50 


Line 60 


Line 70 


Line 80 


Line 90 


Having considered these things, I began to believe that all worms found 
in meat were derived directly from the droppings of fues, and not from the 
putrefaction of the meat, and I was still more confirmed in this belief by 
having observed that, before the meat grew wormy, flies had hovered over it, 
of the same kind as those that later bred in 1t. Belief would be in vam with- 
out the confirmation of experiment, hence in the middle of July, I put a 
snake, some fish, some eels of the Arno, and a slice of milk fed veal in four 
large, wide mouth flasks, having well closed and sealed them, I then filled 
the same number of flasks ın the same way, only leaving these open. It was 
not long before the meat and the fish, in the second vessels, became wormy 
and flies were seen entering and leaving at will, in the closed flasks I did not 
sce a worm, though many days had passed since the dead flesh had been put 
in them. Outside on the paper cover there was now and then a deposit, or a 
maggot that eagerly sought some crevice by which to enter and obtam nour 
ishment, Meanwhile the different things placed in the flasks had become 
putrid, 

Not content with these experiments, I tried many others at different seasons, 
using different vessels In order to leave nothing undone, I even had pieces 
of meat put under ground, but though remamung buried for weeks, they 
never bred worms, as was always the case when fies had been allowed to 
light on the meat One day a large number of worms, which had bred in some 
buffalo meat, were killed by my order, having placed part in a closed dish, 
and part in an open one, nothing appeared in the first dish, but in the 
second worms had hatched, which changing as usual ito egg-shaped balls 
[pupae], finally became flies of the common kind. In the same experiment 
tried. with dead flies, I never saw anything breed m the closed vessel 

Leaving this long digression and returning to my argument, it 1s necessary 
to tell you that although I thought I had proved that the flesh of dead 
animals could not engender worms unless the semina of hve ones were de- 
posited therein, still, in order to remove all doubt, as the trial had been 
made with closed vessels into which the air could not penetrate or circulate, 
Y wished to attempt a new experiment by putting meat and fish in a large 
vase closed only with a fine Naples veil that allowed the air to enter. For 
further protection against flies, 1 placed the vessel in a frame covered with 
the same net. I never saw any worms in the meat, though many were to be 
seen moving about on the net covered frame. These, attracted by the odor 
of the meat, succeeded at last in penetrating the fine meshes and would have 
entered the vase had I not speedily removed them It was interesting, in the 
meanwhile, to notice the number of flies buzzing about which, every now 
and then, would light on the outside net and deposit worms there, I noted 

at some left six or seven at a time there and others dropped them in the 
aur before reaching the net. Perhaps these were of the same breed mentioned 
by Scahger, an whose hand, by a lucky accident, a large fly deposited some 
small worms, whence he drew the conclusion that all flies bring forth lve 
worms directly and not eggs, But what I have already said on the subject 
proves how much this learned man was in error. It is true that some kinds 


of flies bring forth bve worms and some othe 
ua Others eggs, as I have proved by 


Redi "tried it and saw.” However, this is not all he did; let us analyze 


his approach. Our two column form separates the "evidence" 
from our generalized comment. 


Y THE 


(what Redi said) 


SPECIAL CLIMATE OF THE SCIENCE CLASSROOM 


Ways of the scientist: key operations 


We have seen from a study of Redi's work that there is someumes a dis- 
cernible pattern to a scientist's investigation, his way of getting at concepts. 
Is Redi’s investigation a template of what all scientists do? If we examine the 
Ley operations of different scientists perhaps we can find some things common 
to them all. 


Before the problem 


Any study begins with a familiarity with the phenomenon, with “what 
sort of thing it is." Otherwise one doesn't recognize a discrepancy, or a dis- 
satisfaction with things as they are. Concept seeking begins with the realiza- 
tion that the concept in hand is not adequate to fit the observed events. 

‘This may be evidenced by a vague feeling of dissatisfaction with things 
as they are, or it may be as concrete as “I wonder what is the pressure of the 
air on the top of the Washington Monument.” The problem—something to be 
explored, to seek the answer to—must be interesting or tantalizing or “fun.” 
(For students it should have meaning; it is expected that they will work hard. 
But the problem should not be so complex that there is little or no hope that 
the pupils, with the background and experience they have had, can organize a 
usable explanation, that is, attain the concept.) 

Casual observation and description is followed by recognition of those 
aspects which begin to seem important. Such descriptions and classification 
are important in seeking any explanation, but they are part of the beginning, 
not the end, of the study. Carefully gathered data are the stuff of which 
explanations are built, but they may have, as Henri Poincaré remarked, the 
same relation to a scientific concept as a pile of stones has to a house. 

Note that we have said “carefully gathered data"; the data must be 
sought carefully and must be relevant to the problem. Simpson, Pittendrigh, 
and Tiffany ? put it this way: 


Fact gathering in the hands of a scientist is a cultivated art; there is an in- 
finity of facts in the world, and at any given time only a few of them are of vital 
importance to him. 

Are you being a scientist when you count the sand grains on Coney Island 
beach? No. It is true you are gathering facts... but you are probably crazy. 
Scientists gather facts that are relevant . . . to some theory to be tested or ex- 
tended. 


Hence the problem must be clearly stated, and, what is as important, the 
Kind of explanation or solution suspected must be sketched in advance of 
experimental work, In fact, scientists “see” the solution almost at the same 


time that they “see” the problem. Otherwise, how can one decide what to do 
and what to expect, what is significant at any one time? 








316. C. Smpson, C. S. Pittendrish, and L. 1. Tiffam, Life: 4n Introduction ta Biology, 
Harcourt, Brace, N, Y, 1957, p 22. 
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2. The observer analyzes the situation and recognizes a problem, vague 
or distinct. 

3. He makes one or more educated guesses as to the solution of the 
problem. This may be called a trial explanation or working hypothesis, limited 
or grand, depending on the magnitude of the idea, He may formulate several 
alternate hypotheses (“might be's”), all equally consistent with the data avail- 
able (induction). 

4. Each hypothesis is checked for consistency with facts already known 
through prior personal experience or accepted from the reports of others. 

5, Any hypotheses which pass this test must then be tested further. 
Careful planning results in the design of experiments or planned observations 
(il. .., then...) to test each of the hypotheses (deduction). Conditions 
are sought in which two hypotheses lead to differmg predicted results, this 
speeds the sifting of hypotheses 

6 New evidence is acquired from these experiments or observations. 

7. "The "new concept” stated in the form of a hypothesis (or hypotheses) 
is either confirmed, discarded, or modified on the basis of the new evidence. 

8 Any hypothesis (or hypotheses) which seems to fit the observations 
resulting from the experiment designed 1s accepted tentatively as a satisfactory 
answer to the question. The concept has been attained even though st will 
not necessarily be held permanently. 

9. Many attempts are made to find exceptions to, or limitations of, the 
tentative conclusion. It is checked again and again in varying situations Con- 
firmation (or proof of error) by other scientists is sought 

10. If the conclusion continues to survive the work of other scientists, 
it is accepted as a useful addition to the knowledge within the field, Jt may 
still be discarded or modified whenever new evidence shows this to be necessary. 

ll. As more and more predictions from the hypothesis are confirmed, 
greater credence is assigned it. This is a gradual process, 
always remains somewhat under suspicion. Concept attainm: 


One major clue to the scientist's a 
11 above, 


for the hypothesis 
ent is never ending 
pproach is indicated in 8, 9, 10, and 
It lies in a deliberate attempt to defeat one's own conclusions 
above all, scientists want to know when they are wrong. As a matter of fact, 
all results are stated in such a way that they can be proved wrong. It often 
takes scientists a long time to develop the technology by which they can 
design an experiment which will test a hypothesis; but we can be sure that 
if a statement is made in such a way that a test of it is theoretically impossible, 
1t 4s not in the area of science. For example, the hypothesis, “Empty space is 
full of a material with no observable properties,” is meaningless, scientists 
try not to make such statements, which are impossible to prove or disprove, 


3 pment was available. Niels Bohr emphasized 
Truth is something that we can attempt to doubt, 


and then perhaps, after much exertion, discover that part of the doubt 1s 


unjustified.” 
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xplanations, First, any satisfactory explanation must account for a fair part 
if the available information. We do not say that all of the available data must 
upport the explanation. Sometimes some of the alleged data are incorrect; 
ind we find that investigators, for their own peace of mind, often repeat 
:xperiments of others, especially when these seem to be of major importance. 
Second, some of the apparently relevant data may not actually be sot! Suc 
‘essful sifting and assaying of data, determining which of them must fit the 
iypothesis, is the mark of investigative talent. 

Note that we have not yet placed the scientist in the laboratory (except 
derhaps to check some data which seemed dubious). He has been reading and 
Ahinking, checking his hypotheses against prior Knowledge and experience to 
vee if they are inconsistent with what is already known and then against the 
iterature to see what other scientists have reported and proposed as explana- 
‘ions. Only the guesses which survive these tests need then be tested directly, 
hat is, need be stated as problems which deserve investigation. And in this 
Jact hes the main departure from pure empiricism. 


Testing the remaining hypotheses 


A scientist tries not to waste time; that is, he tends to try to work effec- 
tively and efficiently. He tries to eliminate possibilities as rapidly as possible; 
he uses if-then reasoning. He takes each of his hypotheses and sces what it 
implies: “Jf this is true, then . . . must follow.” For instance, if x germ causes 
tuberculosis, then the experimental animals injected with x germ should get 
auberculosis, while the controls should not. He then tests these consequences 
sby experiment or observation. (Formal logic tells us that when the "ther" part 
^f the statement, the implication, is false, the "if" part, the premise, must 
talso be false.) 

+ This process weeds aut the alternate hypotheses rapidly. It may happen 
zthat the new observations eliminate all the alternatives we have; then major 
new ideas (concepts) are needed. 

Before any scientist bothers others with his ideas and suggestions, he 
must carefully appraise them. He must be, as we have observed carlier, dili- 
gently self-critical, Only when he has tested his ideas again and again, and has 
checked them against the work of others, can he prepare the report required 
of him; this report is written rather like a legal brief, presenting his argument 
and citing supporting and limiting evidence from others. Dewey '* long ago 
pointed out the great difference between the “dynamic logic” a scientist prac- 
ticed in his laboratory and the "formal logic” he finally wrote in his papers. 

‘Too often we confuse the formal presentation with the hurly-burly of creative 





14 For instauce, Pasteur in his study of fermentation deliberately excluded the evidence 
nf Lictig and Wohler that oil of bitter almonds was formed from amygdalin without the pres- 
ence of ining things To Tasteur his occurrence was not "fermentation properly so called." 
sWe now know that Pasteur was wrong, but note that without restricting the data to be 
considered he might never have achieved any solution. Later studies extended and changed 
his scuults to include what had at first seemed basically different, 

1 John Denes, How We Think, Heath, Boston, 1909, rev, 1933. 
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Classification 


fore 
various bases for organizing the Plants of the world had been used befor 
Linnaeus proposed using the cha 


acteristics of the reproductive organs fet 
new system. Botanical scientists have adopted this system, but practical ga 


n and a classification based on id, and 
for them. That is, each classification system is chosen to serve one end, 
other systems of organizi 


There is nothing sacred about a classification system; its purpose is to be 
useful in organizing one's observations. oa 
Grouping observations ig then a major part of scientific work. 
major new concepts have followed from the introduction of novel And urn 
useful ways of grouping data, Pethaps the most impressive example is the 
periodic table of the chemical elements, This patterning on the basis of hat 


ited chemical information later accommodated, even led to, much of the 
information on the Physical Properties of atoms, 


Generalizing from data 


Classification, then, seems to involve Seneralizing (or explaining) from 
data; this is essential to science, for it is one of the patterns of the investigator. 
But a scientist is necessarily skeptical, from bitter experience, of easy over 
generalization, “for the truth of a general Proposition may be disproved by a 
single exceptional case,” 12 
than scientists; 


Ve teachers are Perhaps guiltier im. this respect 
in our mad baste to "cover" some field of science, we daily 
encourage dangerous Overgeneralization; see Chapter 2) 


* simple guesses (or hunches) of what 
se hunches arise from 


are important. (All 
olte MS Creative i: ‘erlooked, for when 
“thinking” à student may not seem to 
This kind of inductive detective 


ything; see Chapter 6.) 
C € work toward a Satisfactory explanation is the 
essence of science, 


explanations, First, any satisfactory explanation must account for a fair part 
of the available information. We do not say that all of the available data must 
support the explanation. Sometimes some of the alleged data are incorrect; 
and we find that investigators, for their own peace of mind, often repeat 
experiments of others, especially when these seem to be of major importance. 
Second, some of the apparently relevant data may not actually be so.t* Suc- 
cessful sifting and assaying of data, determining which of them must fit the 
hypothesis, is the mark of investigative talent. 

Note that we have not yet placed the scientist in the laboratory (except 
perhaps to check some data which seemed dubious). He has been reading and 
thinking, checking his hypotheses against prior knowledge and experience to 
see if they are inconsistent with what is already known and then against the 
literature to see what other scientists have reported and proposed as explana- 
tions. Only the guesses which survive these tests need then be tested directly, 
that is, need be stated as problems which deserve investigation. dnd in this 
fact hes the main departure from pure empiricism. 


Testing the remaining hypotheses 


A scientist tries not to waste time; that is, he tends to try to work effec- 
tively and efficiently. He tries to eliminate possibilities as rapidly as possible; 
he uses if-then reasoning. He takes each of his hypotheses and sees what it 
implics: “Jf this is true, then . . . must follow." For instance, if x germ causes 
tuberculosis, then the experimental animals injected with x germ should get 
tuberculosis, while the controls should not. He then tests these consequences 
by experiment or observation. (Formal logic tells us that when the "then" part 
of the statement, the implication, is false, the “if” part, the premise, must 
also be false.) 

This process weeds out the alternate hypotheses rapidly. It may happen 
that the new observations eliminate all the alternatives we have; then major 
new ideas (concepts) are needed. 

Before any scientist bothers others with his ideas and suggestions, he 
must carefully appraise them. He must be, as we have observed earlier, dili- 
gently self-critical. Only when he has tested his ideas again and again, and has 
checked them against the work of others, can he prepare the report required 
of him; this report is written rather like a legal brief, presenting his argument 
and citing supporting and limiting evidence from others. Dewey * long ago 
pointed out the great difference between the "dynamic logic" a scientist prac- 
ticed in his laboratory and the "formal logic" he finally wrote in his papers. 
"Too often wc confuse the formal presentation with the hurly-burly of creative 





38 For instance, Pasteur in his study of fermentation deliberately excluded the evidence 
of Lichig and Wohler shat oil of bitter almonds was formed from amygdalin without the pre: 
ence of loving things. To Pasteur this occurrence was not “fermentation properly so called.” 
We now know that Fasteur was wrong, but note that without restricting the data to be 
considered he might never have achieved any solution. Later studies extended and. changed 
his results to include what had at first seemed basically different. 

14 John Dewey, How We Think, Heath. Boston, 1909, rev. [935 
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work Too often we expect immature pupils just beginning to practice the 
rudiments of "dynamic" science to behave in the pattern of the "formal 
results we read. 


Translating ideas into equipment 


One major aspect of scientific work often overlooked is the ability 
to translate an idea into equipment. A wide knowledge of available instru- 
ments and their charactenstics is essential, then a choice of components and 
arrangement must be made. Not everyone is equally effective at this, so some 
scientists become specialists on instrumentation. Without careful considera- 
tion of what questions we are asking with the equipment, we may get, with- 
out realizing it, answers to questions we did not intend to ask. 

The tools we use define the operation through which we gain information. 
While certain man sized objects like trees and mountains may be examined as 
they are, our knowledge of them may remain descriptive, superficial, and 
static. If we wish to explain in more detail what they are composed of or how 
they are changing, we dissect them physically and chemically. But then we are 
concerned with invisible materials and forces revealed to us only through gross 
effects upon our instruments Louis Agassiz advised his students to "observe 
nature"; but we must realize that for the study of invisible materials and forces, 
we can get answers only to the questions we ask through the arrangement of 
our instruments. Every arrangement of apparatus has inherent. within it the 
subtle story of “how we know what we know.” Our knowledge of the structure 


of the atom has been influenced by the cyclotron, of the composition of the 
stars, by the spectroscope. 


Searching for precision 


, All our knowledge of the world begins as qualitative information (de- 
scription by adjective or adverb) and it is often vague at that, Comparisons 
are frequently made on quahttative bases. À 


In some instances we want to male nice, precise predictions, Then we try 
to replace the qualitative prediction about "what kind of. 7 
tative predictions about “how much of. . . ore 


titative observations is great and is not always 
hand. For example, 








with quanti- 
But the effort to make quan- 


necessary for the prediction at 
for a storekeeper A umon 
between argon and neon glow Wen Ui Mn ee RU 
has a purplish hight while neon is orangish (a qualitative clrentcatono hi 
need not specify or measure the wave lengths of the i di: lassification), he 
emitted (a quantitative classification). However, for other een eo 
to know the wave lengths to a high degree of precision NGC important 
liberate distinction made between qualuative and n E A 
ias P POT example, W. B Cannon, The Way of an Investigator, W, W, 








Norton, N. Y. 
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We must know that an object or reaction has certain qualitative character- 
istics before we can eveu choose whether or not to bother to determine them 
quantitatively. 

We must always decide what degree of precision is useful for the problem 
at hand. There is no need to crack a walnut with a pile-driver, yet sometimes 
we fail to help students estimate what precision will be satisfactory for the 
problem being attacled. This point is exceedingly important, for as we all 
know, íncreased precision is obtained only with a severe price in time and 
equipment. Inevitably we are faced with the question of how exact our pre- 
dictions are and how exact our tests of them need be. 


Accepting a hypothesis as a theory 


When a hypothesis has been found which agrees with known data, is not 
inconsistent with other major concepts, and does not imply false consequences, 
what more should we ask of it? Just one thing: Does it worl? That is, does 
the new explanation lead to predictions that fit better with what is observed? 
"This is what Conant meant when he defined science as "a series of concepts 
or conceptual schemes (theories) arising out of experiment or observation and 
leading to new experiments and observations." 1 

Sometimes a new explanation will be seen to account for peculiar observa- 
tions which have been available but not explained previously. This often 
occurs after publication when specialists familiar with other sets of data sud- 
denly see that the new idea accounts for previously unexplained observations 
in their field. 

But above all scientists require that they know when their theories are 
wrong. Their theories, their explanations must be testable. To repeat—does it 
work, where, when, and how well? Reflection on these brief comments about 
scientific work should remind us that science is built in the minds of men, 








{Natural science} expends its utmost pains on attempting to describe the 
"how" fully and. accurately by firsthand observations. ... What, however, it 
docs not include within its scope and does not set itself to ask is whether that 
"how" is "good" or “bad” or whence that “how” ultimately derived.tt 





Making value judgments 


Here Sherrington opens a fundamental topic: the role of value judgments 
science. To claim that no value judgments are made in science would be 
Tidiculous. Continuously the scientist selects one set of phenomena as the 
important one, prefers one explanation over another, is pleased when a new 
“beautiful” theory appears to simplify what has previously been complex, Such 
judgments are based on simplicity, clarity, economy, and fruitfulness; that is, 
they are essentially aesthetic judgments. They clearly are not moral judgments 





16) B Conant. On Unierstanding Science, Yate U. Press, New Haven, 1917, 
tr sin Charles Sherrington, Man on Bis Nature, Cambridge U. Press, N.Y. 1910, p. 2: 
tee ale our fiat of paperhacks p 531. 
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like those involved in theology, ethics, and religion, As Sherrington observes 
later, since we assume the universe to be one vast harmonious unit, the scientist 
would be grossly presumptuous to apply to the universe value judgments which 
apply only to the behavior of men toward men. 


Teleology and its place in science 


Teleology, an approach or frame of mind ın which we assert or desire that 
the world be shaped toward some purposeful end, is basically a philosophical 
position. Often in the sciences, especially biology, some teleological element is 
difficult to avoid. Consider the grand implications of the theory of evolution, 
or the patterns of physical and chemical reactions. Many scientists, in a philo- 
sophical mood, will explore mentally the teleological implications of their 
work. As scientists, however, they avoid at. Teleological arguments are not part 
of creative science. The reason ıs clear, If we spend our time contemplating the 
“ultimate design,” we never get on with the business of creating increased pre 
dictability; we may even overlook implications of our observations which do 
not fit our teleological position, as so many of the very early scienusts did 


"Teleological arguments do not lead to observable predictions, they often block 
science, 


“The problem” and “problem solving” 
as a key operation of the scientist 


Note how we have apparently sidestepped problem solving as a “key 
operation” of the scientist. At last, we must face it. Why do we place (almost 
at the end of our discussion) that which crops up first when people discuss 
the way of the scientist? The scientist is the problem solver par excellence, 1s 
he not? He begins his investigation with a problem, does he not? The problem 
comes first, does it not—even as teachers place it first on the board? 

What we hase tried to indicate is that problem solving begins even before 
the problem is stated; it begins perhaps unconsciously. The specific problem 
may be clarified when the scientist begins the empirical or the experimental- 
investigative poruon of his work, but a great deal of his work goes on before 
he states has problem in a formal way. The scientist solves problems, but this 
4s not to say, we repeat, that he begins his investigation with a stated problem. 
Tt would seem, from our observations of the way scientists work, that the prob- 
lem filters out of a mixture of observations, flashes of insi, ht (reurehas”) 
vague, muddled dissatisfactions, tentative essays into empiricism reading, con- 
sultation with otbers, thinking (conscious or unconscious), mental scanning, 


"sion rad the problem does filter out, and an attempt to state 
it i - Clear statement is neces: i i i; 
A BAA E is sary if an experimental design or 


A scientist has long “office hours,” 





in fact, they are almost continuous. 
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Like all creative people, including teachers, he does not leave his problem in 
the locker at the end of the day. It is always with him, and clues or answers 
may appear at any time. This concentration or persistency is one hallmark of 
the embryo scientist. Science means hard work—as does all scholarship. 

The kind of problem solving in which the scientist participates in order 
to develop concepts is certainly not to be equated with the problem doing 
found in workbooks. Problem doing is the fate of the classroom demonstra- 
tion or experiment which must be done, finished, accomplished, and wrapped 
up in the 40 minutes of a class period. Hence our own predilection for dis- 
tinguishing between the problem solving of the scientist (concept seeking) 
and the problem doing of the pupil (concept confirming). This is not to say 
that problem doing has no place in science teaching; indeed it has, especially 
when the history of science is taught (this is, actually, the content of our pres- 
ent courses). But it is to say that the science class is also a place for problem 
solving or concept seeking. Concept attainment can be achieved in the science 
classroom (Chap. 6). 

It is, therefore, in order to emphasize the need to consider the nature of 
what we would have students do in problem solving, rather than problem 
doing, that we have placed this section in the middle of our discussion of the 
Key operations of the scientist. We want, for our purposes, to distinguish be- 
tween the way of the scientist in problem solving (a creative act) and the routine 
of the usual problem doing of the student taking an established course, in 
which the solution is forcordained, because there is a rigid schedule (perhaps 
30 minutes) and standard equipment. Do we want our students to engage in 
problem solving or in problem doing? We think both. 

In problem doing the problem is stated first; it may even be handed down, 
In problem solving the statement of the problem is a creative act; it is a hey 
operation resulting from much preliminary work in problem solving. It is the 
partial end result, as it were. of a part of the entire investigation. "The scientist 
heaves as much of a sigh of relief in clarifying his problem as he does in reach- 
ing a hy pothesis, in developing a piece of crucial equipment, or in reaching his 
conclusion. The problem is a result of “sciencing.” a result of the act of prob- 
Tem solving, not necessarily the cause of it. 

However, this is not to leave out the possibility of a problem occurring to 
a scientist in a flash of insight (the “eureka” process; see Chapter 6, Winning 
the Concept). But even then the problem will be refined, restated, and even 
discarded, as the scientist “does his damnedest with his mind, no holds barred,” 
that is, as he develops a new relationship, as he attains the concept, as he solves 
his problem. 


Recognizing the limitations of concept ctlcinment 


Inevitably the scientist is haunted by his acute awareness of the limited 
information he has. He never knows "everything" about anything. Therefore 
his explanations are carefully phrased in terms of certain data which them- 
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selves are limited in precision. More accurate data may change the picture, as 
in the discovery of isotopes, and new lines of information from new tools pd 
drastically modify the best answers created to date. The discovery of ra i 
activity certainly altered the earher descriptions of atoms. Dalton's idea ol 
the atom as a solid particle underwent some remarkable transformatious as 
Rutherford and Bohr began to “see” the atom as mostly empty space. : 

Scientific explanations should not invohe assumptions contrary M basic 
conclusions widely accepted and uscd. For example, “flying saucers” were 
alleged to have been observed making abrupt 90-degree turns at speeds of 
1,800 miles per hour, But such behavior ts inconsistent with fundamental, 
widely useful laws of angular momentum and inertia. The objects we know 
about just do not make abrupt 90-degrce turns at such speeds. Until we do 
observe and confirm such phenomena many times, until we “know” such 
phenomena, we cannot accept them as part of our rational explanation of 
the universe. We would prefer to hold to the generalizations about angular 
momentum and inertia than to abandon them in favor of "little men from 


Mars," at least until we have more evidence. Our growing explanations of the 
world must not be inconsistent. 


Concept seeking—the way of 
the scientist and the way of his world 


Science, it seems, is more than empiricism, 
certainly more than a method, or methods, 


is a use of intelligence in a very complex, and at present little understood, 
cerebration in an attempt to make sense of 


this world. Its patterns of investi- 
gation and its operations in investigation are an attempt to discover the regu 
larities, if any, of nature, The way of the scientist is designed to determine the 
way the world works. “Sciencing.” as Bridgman has it, is a total operation. It 
really has no beginning as such and no end as such. It is, in a sense, the seeking 
of concepts—concepts and conceptu: 


al schemes which man builds to help him 
understand man and the universe. One concept leads but to another. 


In On Understanding Science;* Conant emph: 

of science in contrast to other fields of creative effort. Suppose Michelangelo, 

Raphael, Chardin, and Rembrandt were to come on the present scene to answer 

the question “Has painting advanced since our times?" We could visualize 

some interesting discussions, but hardly agreement. And what might Beethoven, 

Bach, Brahms, Schumann, and Wagner say of modern music? 
What, however, 


would Newton, Galileo, Archimedes, Dalton, 
Grew, and Mendel Say of modern science? Surel 


more than problem solving, 
even more than an attitude: it 





asized the cumulative nature 


Vesalius, 





Ts à consistently clear characteristic of scien- 
tific accomplishments. Science is both cumulative and self-correcting. 
1} B Conant, op. ct 


In examining the work of research scientists and in analyzing their reports, 
Conant observes that the end result of a scientist's work, if indeed, the word 
“result” may be used, is but another problem or several, not a conclusion or 
a “new” discovery, but a breathing space on the way to another concept. The 
scientist's way is an unending quest, unending conceptualization, or unending 
concept attainment; science is truly an “endless frontier.” 

If we wish to distinguish, in a broad sense, the research scientist from the 
applied scientist, let us say the doctor or engineer, then the notion of the un- 
ending quest becomes useful. The engineer has an end to each specific task, 
for example, building a bridge; the doctor has an end in his “cured” patient; 
the technician has an end to his specific job with its completion. 

"The scientists aim, conscious or otherwise, is a hunt for the conceptual 
scheme, for a spatia} pattern in the infinite jigsaw puzzle of how the world 
works. A few such schemes (each based on many discrete facts, principles, and 
concepts) are given by way of illustration: 


The earth is surrounded by an ocean of air. 
Some diseases are caused by microorganisms. 


Existing organisms are the result of evolutionary changes during the earth's 
history. 


These conceptual schemes, which we admire and use, resulted from ob- 
servation and experiment, interwoven with creative mental effort. If observa- 
tions and experiments are to lead to conceptual schemes which are to be a 
useful picture of the real world, they need to be reliable. But since man is not 
always reliable, the investigations must somehow be self-correcting. How is 
this sell-correction by unremitting investigation built into the scientist's way 
of work? 

All men are fallible, even scientists. They, however, are acutely aware of 
their fallibility, as the quotation from Bridgman has shown. A major question 
then is how scientists dealing with incomplete and imperfect data are able to 
establish general statements on which they put great reliance. This is accom- 
plished because scientists, conscious of their limitations, are inherently skeptical, 
in the best sense of the word, of their own work and that of others. Any single 
scientist’s work must be confirmed. This open-endedness of an investigation, 
the realization that conclusions are not final, always provides opportunity for 
reconsideration of a result when new data become available. (New tools may 
play a major role in providing such new data.) The scientist must accept some 
ambiguit; in hís knowledge even as he strives to lessen the ambiguity. 

Bridgman has stressed the importance of using the correct operation in 
making observations, This involves the appropriate choice and arrangement of 
tools. We would all agree that a ruler is appropriate for measuring height, 
but not for measuring intelligence. What constitutes the “correct” operation is 
always somewhat in doubt; one docs the best he can and leaves to his colleagues 
now and later the task of criticism and improvement. 

"Thus scientific work is never ended; it can always be extended and im 
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selves are limited in precision. More accurate data may change the e as 
in the discovery of isotopes, and new lines of information from new -" ls d 
drastically modify the best answers created to date. The discovery of na i ; 
activity certainly altered the earlier descriptions of atoms. Dalton's idea o! 
the atom as a solid particle underwent some remarkable transformations as 
Rutherford and Bohr began to “see” the atom as mostly empty space. g 
Scientific explanations should not involse assumptions contrary to basic 
conclusions widely accepted and used. For example, “flying saucers” were 
alleged to have been observed making abrupt 90 degree turns at speeds of 
1,800 mules per hour. But such behavior is inconsistent with fundamental, 
widely useful laws of angular momentum and inertia The objects we know 
about just do not make abrupt 90-degree turns at. such speeds. Until we do 
observe and confirm such phenomena Many umes, until we “know” such 
phenomena, we cannot accept them as part of our rational explanation of 
the universe We would prefer to hold to the generaluzations about angular 
momentum and inertia than to abandon them in favor of “little men from 


Mars,” at least until we have more evidence, Our growing explanations of the 
world must not be inconsistent. 


Concept seeking—the way of 
the scientist and the way of his world 


Science, it seems, is more than empiricism, 


more than problem solving, 
certainly more than a method, 


+ Or methods, even more than an attitude: it 
ery complex, and at present little understood, 
cerebration in an attempt to make sense of this world Its patterns of investi- 
gation and its operations ın inve 


‘estigation are an attempt to discover the regu- 
laríties, if any, of nature, The Way of the scientist is designed to determine the 
Way the world works “Screncing,” as Bridgman has it, is a total operation. It 
really has no beginning as such and no end as such It is, ina sense, the seeking 


of concepts—concepts and conceptual schemes. which man bui 
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In examining the work of research scientists and in analyzing their reports, 
Conant observes that the end result of a scientist's work, if indeed, the word 
“result” may be used, is but another problem or several, not a conclusion or 
a "new" discovery, but a breathing space on the way to another concept. The 
scientist's way is an unending quest, unending conceptualization, or unending 
concept attainment; science is truly an "endless frontier." 

If we wish to distinguish, in a broad sense, the research scientist from the 
applied scientist, let us say the doctor or engineer, then the notion of the un- 
ending quest becomes useful. The engineer has an end to each specific task, 
for example, building a bridge; the doctor has an end in his “cured” patient; 
the technician has an end to his specific job with its completion. 

The scientist's aim, conscious or otherwise, is a hunt for the conceptual 
scheme, for a spatial pattern in the infinite jigsaw puzzle of how the world 
works, A few such schemes (each based on many discrete facts, principles, and 
concepts) are given by way of illustration: 


The earth is surrounded by an ocean of air. 
Some diseases are caused by microorganisms. 


Existing organisms are the result of evolutionary changes during the earth's 
history. 


These conceptual schemes, which we admire and use, resulted from ob- 
servation and experiment, interwoven with creative mental effort. If observa- 
tions and experiments are to lead to conceptual schemes which are to be a 
useful picture of the real world, they need to be reliable. But since man is not 
always reliable, the investigations must somehow be self-correcting. How is 
this self-correction by unremitting investigation built into the scientist’s way 
of work? 

All men are fallible, even scientists. They, however, are acutely aware of 
their fallibility, as the quotation from Bridgman has shown. A major question 
then is how scientists dealing with incomplete and imperfect data are able to 
establish general statements on which they put great reliance. This is accom- 
plished because scientists, conscious of their limitations, are inherently skeptical, 
in the best sense of the word, of their own work and that of others. Any single 
scientist's work must be confirmed. This open-endedness of an investigation, 
the realization that conclusions are not final, always provides opportunity for 
reconsideration of a result when new data become available. (New tools may 
play a major role in providing such new data.) The scientist must accept some 
ambiguity in his khnowledge even as he strives to lessen the ambiguity, 

Bridgman has stressed the importance of using the corect operation in 
making observations, This involves the appropriate choice and arrangement of 
tools. We would all agree that a ruler is appropriate for measuring height, 
but not for measuring intelligence. What constitutes the “carrect” operation is 
always somewhat in doubt; one does the best he can and leaves to his colleagues 
now and later the task of criticism and improvement. 

Thus scientific work is never ended; it can always be extended and im 
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proved. For instance, Piltdown Man, long a debatable construct of the anthro- 
pologist, is now recognized as a classic hoax How the fraud was finally exposed 
is a fine example of the self-correcting nature of scientific study. The original 
papers are worth reading : They would serve well to illustrate many aspects of 
how the scientist works, They also illustrate how the scientist 18 constantly 
scrutinizing his “operations,” “concepts,” and “conceptual schemes.” He is 
constantly asking* 





What do we know? 
How do we know it? 
How well do we know it? 


As a scientist consistently asks questions of this nature, he introduces a self- 
correcting element into his ways of work Scientists, we repeat, can and do make 
mistakes, Anyone who is familiar with the history of science can cite chapter 
and verse, But the scientist's way is self-correcting mainly because confirmation 
of observation is made by many others who are free, to a reasonuble extent, 
of the personal bias which may have influenced the original statement In 
science, too many cooks do not spoil the broth. The meal ıs prepared by many 
cooks working in many diferent hitchens Hence any conclusion, confirmed as 
it is by different men, with different intent and in different situations, tends 
to approximate the “truth.” And hence, when the conditions are better known 
and the operation 1s appropriate, future results are increasingly predictable 

Predictability 1s a characteristic sought not only by the scientist, but also 
by the cook who wishes to anticipate the hardness of a three minute and of a 
fourminute egg. However, the scientist is not satisfied with merely knowing 
from past experience how hard the egg will be. He asks “how” this hardening 
occurs, From such questions, and extensive careful studies, have come concep- 
tual schemes which are the basis of our knowledge of proteins, their properties 
and their molecular structure. Unlike many cooks, the scientist can explain 
what is happening and from that explanation can predict how other proteins 


will react. Furthermore, the scientist may be able to design and produce new 
proteins, 


Attitudes of the scientist 





One student of ours thought he summed up the matter by saying, “It’s the 
business of the scientist to be honest in his work." He might have added that 
he must also be patient enough to suspend judgment it only because it takes 
time to gather facts and to test their validity, It is unnecessary to assume that 
scientists are honest in all their affairs, or are open-minded (in the sense of 
suspended judgment) in all the relationships they must assume day in and 


1 W_L Straus, Jc, “The Great Paltdow s 
See abo K P Oakley and ] $ a, Hoax,” Science, 


265, Feb. 26, 1954 
Oct, 1955, and J. S Werner, 


S$ Weiner, “Piltdown Man,” American Scientist, 43, 573, 
Thè Piltdown Forgery, Oxford U. Press, N. ¥, 1955. 





30 THE SPECIAL CLIMATE OF THE SCIENCE CLASSROOM 


day out. We are dealing with men, not supermen, We are dealing with the 
scientist at work as he searches for the discoverable regularities in nature. 

Other fields of work require these same attitudes—the detective, the ac- 
countant, the judge at work need generous allotments of the “attitudes of the 
scientist.” It is not these attitudes which make the scientist a scientist; it is 
attempting to work in science that forces these attitudes upon him, 

Implicit in our whole discussion is the personal and social climate of 
opinion within which the individual scientist works. Certainly nowadays no 
scientist can work effectively shut off from contact with other scientists. What 
each one learns is important to others. Furthermore, informed colleagues serve 
asa sounding-board upon whom ideas are tested. Free exchange of information 
is essential, This has been called “academic freedom” but it is actually intel- 
lectual freedom for all. Also implied is the free “give and take” of criticism 
by a scientist’s peers—others who are respected and trusted as equally well in- 
formed. The scientist is most effective in an intellectually free society. 

In this atmosphere he is necessarily honest, courteous, generous, and ob- 
jective. Wishful thinkers and charlatans are quickly recognized and discounted. 
Such a social climate, sometimes called the “climate of the laboratory,” or the 
“idea of a university,” has evolved during some centuries because the criterion 
of accomplishment in science is objective, open for any and all to appraise. 
The ways of the scientist are the ways of intelligence. 

Individual scientists, being human, are not perfect in all regards, even in 
their scientific work. History reports that even the wisest have bcen skeptical 
of ideas like evolution, relativity, and the quantum theory, which later proved 
to be of such major significance. But what is important to note is that such 
new, even radical, ideas have been open to further study, Not for many cen- 
turies has anyone attempted to prohibit further exploration. If free expression, 
free criticism, and objective evaluation of a man's efforts are the major in- 
gredients which have permitted scientific work to be so successful over the past 
centuries, are they not the same ingredients for which our whole society is 
searching? 

Science as we shall use it in this book will be taken to mean, as Conant 
has developed it, a series of conceptual schemes arising out of observation 
and experiment, and giving rise to further observation and experiment. And 
by scientific methods we shall mean all the operations, procedures, devices, and 
types of processes by which scientists arrive at these conceptual schemes. These 
include observation, experiment, the "educated guess.” the “chance discovery,” 
library research, trial and error, common sense, verifying hypotheses, and many 
others, 

Science is what scientists da, and most, if not all, do it because it is their 
way of living: it is fun. And there are likely to be as many operations, and 
hence variations of methods and sequences of methods, as there arc scientists, 
Mt of us may agree, however, that man is the only creature we know who 

appears able to use that “method of intelligence.” the method which has 
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resulted in the body of knowledge, of inventions, and of methods known as 
science. 


Teaching the ways of the scientist 


We began this chapter with a mention of 42 syllabuses at hand. Only one 
of them implies that there are many methods of science; 4l of them clearly 
imply that the scientific method 1s what we have called here “the empirical 
or “try it and see" approach. Some of the syllabuses call this approach “ prob 
lem solving.” This tendency to simplify a complex subject, to seek a single 
approach to science, is understandable but it can be very misleading. Actually, 
as we have seen, the highly empirical way of problem solving is but one ap- 
proach of the scientist, and 1t is a very slow one, used as a Jast resort when we 
have no better guides to action. And, of course, scientists seek and solve prob- 
lems in order to find concepts; science might better be considered as concept 
seeking rather than problem solving. 

"The attitudes and methods of the scientist are caught as well as taught. 
How does one teach these thing? How does the student learn to distinguish 
fact, hypothesis, theory, law? How does he learn how to define a problem, state 
his hypotheses clearly, and go on to design an experiment? Can the tactics and 


strategy of the scientist be taught at all? Chapter 2, and indeed the rest of this 
bool, 1s given over to a discussion of these questions. 


A short excursion 
into developing one's own concept 
of science and the ways of the scientist 


1-1. As we noted at the beginning of this chapter, many qualified people have 
written volumes about the nature of science. Below we list a number of these 
books that you may find of interest. Perhaps from them, from our discussion 
about science, and from your own experience in working in science with chil- 
dren, you will want to construct your own definition of science. Perhaps you 
will be left as we have been, thinking that we know what is scientific and what 
is not, yet not being quite sure, for all the answers are not yet in. The edifice 


is not yet built, in our experience, edifices are subject to termites and shifting 
foundations—and a new architecture. 


-2. How might you create an inte i ir. 
on pp. 15-16, in ni following situations: DUM een 
{a) Knowing that no student had ever seen it before? 
(b) Knowing that every student had seen it before? 
What possibilities does (a) present for predictions, for introducing ut 
expected results, for starting the search for an explanation? What possibili- 
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ties does (b) present for testing a prediction, for exploring the significance of 
varying meteorological conditions (would the can collapse on the moon, on 
Mars??? What other phenomena are consistent with, inconsistent with, the 
explanation? 


1-3, Choose several other demonstrations and explain in a similar way how 
they might be useful. (See the companion volumes,? which describe demon- 
strations, experiments, readings, field experiences which you may adapt to your 
own ways of teaching.) 


1-4, Find written selections, like our selection from Redi, that might be used 
in class to develop an understanding of the ways of the scientist. 


1-5. To what extent do you agree with this notion on the objectives a science 
teacher should follow? 


“The teacher of science should aim at two main objectives: 


(a) To get his pupils to reason about things they have observed, and to 
develop their powers of weighing and interpreting evidence. 

(b) To acquaint his pupils with the broad lines of great scientific prin- 
ciples, and with the ways in which these are exemplified in familiar phenomena 
and applied in the service of man." ?* 


1-6, Perhaps the following references will be useful to you in appraising your 
concept of science and the ways of the scientist. 
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Hall, E. W., Modern Science and Human Values, Princeton: Van Nostrand, 1956. 
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The special climate of the science classroom: 


Teaching the ways of the scientist 


A note at the beginning: We may begin at the beginning by saying that the 


ways of the scientist, his method of intelligence, should be 
caught, not taught. Is this jargon, or does it have some 
meaning? It is a way of saying that attitudes and ways 
of thinking are sometimes most effectively taught by 
example and subtle practice; the learner “catches” them. 
These attitudes and ways of thinking are lived throughout 
the term of the relauonship between teacher and student 

This doesn’t mean that there is not to be a specified 
time, for example, a sequence of lessons, or even a unit, 
when the processes to be taught are planned consciously to 
be put emphatically before the students. But once that 
period of planned teaching is over, the processes are lived 
so that day in and day out, students and teacher practice 
them—that is, do them. In this sense, what is taught per- 
vades the year's work. 

More than a few experiences with honesty are necessary 
to motivate honest behavior; an easily angered teacher can 
not create calm, dispassionate discussion. Just so, a teacher 
who does not have the ways of the scientist embodied in his 
class work, as a part of his own way of sciencing, cannot 
develop effectively with a class the ways of the scientist. 
Here, as in so many situations, the old saying holds: “What 
you do speaks so loud 1 cannot hear what you say." 

Thus we emphasize maling the way of the scientist a 
continuous part of every course, every aspect of the curricu- 
lum. Later, in Section III, we shall study the curriculum 
in Beneral science, biology, physics, chemistry, and physical 
science, as well as other possible courses, We shall discuss 


the special contribution of each course, its flavor as well as 
its structure, 
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Doing an investigation in class 


If a biologist were turned loose in a chemist's laboratory he would not be 
ready to replace any of the chemists. But he would feel at home; surely he 
would not feel completely lost. This is to say that laboratories have an interior 
decoration, an odor, a design, which strikes the same octave if not the same 
notes, Among the sciences there are certain ingredients common to all; these 
ingredients are the concomitants of the concept-seching approach. For in- 
stance, the adherence to uncompromising accuracy, the careful statement of 
the purpose of the investigation, the preference for quantitative rather than 
qualitative predictions and results, the mistrust of our senses and the conse- 
quent attempt to seek checks and balances, the search for the perfectly con- 
trolled condition in which only the postulated cause is being investigated, the 
self-correcting nature of the quest for verified hypotheses, and the attitude of 
the scientist himself. All these are the ingredients, or operations, of the scien- 
tific approach to investigation we seek to describe. 

How may these ingredients of the scientist's way be practiced in the class- 
room? Here are some ways which have been observed to be successful. Natu- 
rally, these are but examples. If we are correct in our position that funda- 
mentals—whether they be skill in verbal expression, in the use of numerical 
expression, or in the method of intelligence—are taught pervasively through- 
out the school career, then whenever the opportunity arises, the method of 
intelligence will be demonstrated. 


Teaching the “appropriate” operation 


"Science" and "accuracy" have sometimes been called synonymous. This 
is so only if the appropriate operation is selected, and if quantitative methods 
are substituted for qualitative methods. (Bridgman, as has been mentioned 
belore, has stressed finding the "correct" operation as the essence of a scientific 
investigation.) In demonstrating these ingredients of science, it is well not to 
obscure the point by making the situation too complex. 


Some simple demonstrations 10 show the effect of the choice of the proper 
operation are: 


1, Ask the students, “What is the temperature of the room?" Some will 
guess, others will suggest the use of a thermometer. Discuss why observing the 
thermometer is an appropriate operation if one wants 2 reliable figure. 

2. Similarly, ask the students to determine the weight of an object by 
balancing it on the hand. List the weights which are the result of sensory 
impressions, then weigh the object. Discuss the importance of the appropriate 
operation, 


3. Other occasions for discussing the importance of the appropriate opera- 
tion occur: 
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a. When students first use a microscope, discuss the meaning of the 
word “invisible” with and without a microscope. Note the two 
possible meanings “not yet seen” but possibly “see-able,” in con- 
trast to “not seeable” (x rays?). With an electron microscope 
are virus particles "seen"? 

b When students first use the telescope, or study its use, discuss the 
meaning of the word “visible” with and without a telescope- 

C. When students first use the Geiger counter, discuss the meaning 
of “seeing 15 beheving” with and without a Geiger counter. 

d. When students first use indicators, discuss the possibility of 
measuring pH with and without indicators. 





Teaching the relevant observation 


Sometimes the way of the scientist is equated with the way of the observer. 
Yet it is a simple thing to note that the scientist's observations are not helter- 
skelter or all-inclusive; they are selected and believed relevant; they serve the 
design of his experiment or they serve the purpose of solving his problem. 

Students readily grasp the need for relevant observation. For mstance, 
they would not expect the scientist who is studying polio to begin observing 
the structure of a bridge, or even the structure of an amocba (unless he postu: 
lates that certain observable behavior of the amoeba relates to the solution of 
his problem) as a part of this problem. 

In one of our classes, students became interested in the problem “Is there 
any background radiation in the community?” In planning the method of 
investigation it was decided to try to find evidence of radiation in the com 
munity in which the students lived and to see whether, indeed, there was 
radiation. Some students suggested that the extent of radiation also be tested 
in a neighboring community. Other students pointed out that, although this 
was interesting, it was not relevant to the solution of the immediate problem 
and that such observations would not help resolve the particular question to 


which an answer was being sought. There was agreement that this was indeed 


not relevant, but, since it was interesting, some students went on with it. Many 


similar illustrations of ways of teaching the notions of relevance in observation 


will occur to the teacher. Without appropriate operations, of course, there can 
be no relevant observations. 


Teaching the design of pertinent experiments 


. ed Students of the scientist's ways are convinced that the operation 
which distinguishes him from any other type of investigator is an ability to 


design an experiment. Whichever way one Jooks at this ability, it seems to 
involve at least these three initial operations: ' 
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1, Specifying clearly the purpose and plan of the study. This is within 
the area called “stating the problem," but, as we have seen in Chapter 1, it is 
not quite that and yet more than that. 

2. Suggesting one or more “possible conclusions,” hypotheses which are 
tested, These are “educated guesses,” the basis for “if..., then...” 
reasoning. 

3. Designing an experiment, a planned series of observations under special 
conditions, in an attempt to test one or more of the hypotheses. 


To illustrate, suppose a student were to say that exhaled air contains more 
carbon dioxide than does ordinary air. A profitable learning situation could 
be set up if the teacher were to ask whether anyone could design an experi- 
ment “to show that this is really so." 

Were he to say "prove that this is 50," as some teachers do, the student 
would resort to a textbook, or some other authority. This is a perfectly valid 
way of doing it. In fact most of the challenges hurled at students, such as 
“prove it,” or “how do you know,” are many times adequately answered “the 
books say so.” To say “the book may be wrong” is hardly fair, because we do 
expect the student to use books as a basis for his work. And for most occasions 
in high school, carefully prepared textbooks are a useful base for science 
work, 

Now we begin with specifying clearly what we want to determine, To do 
this, we may well ask students to state the “problem.” In our experience, there 
is a useful way of teaching students how to state 2 problem clearly; we ask 
them not only to state what is to be investigated, but alsa to state haw it is to 
be done. By asking for the “operation,” we ensure that the problem is clearly 
specified, If only the “problem is stated,” there is no assurance that what is to 
be investigated is more than a pattern of words, Assurance that the problem 
is understood comes when the student specifies what is to be done, that is, 
designs experiments. 

"Thus "Does exhaled air have more carbon dioxide than inhaled air?" is 
no assurance that the student knows what the words “exhaled air,” “more 
than,” “carbon dioxide,” or “inhaled air” mean, even though he states a prob- 
lem. But were he to add “Somehow we must devise an apparatus which will 
test in a certain specific manner the carbon dioxide content of the air we 
inhale and also of the air we exhale,” he would be specifying clearly the 
purpose of the experiment and demonstrating his understanding of it. 

How many different attributes of carbon dioxide might the teacher use 
as the basis for answering the question posed? If limewater turns milky, how 
does the student know this is evidence that carbon dioxide is present? In our 
experience, sketching the equipment needed for each possible test to be car- 
ried through for the qualitative-comparative result sought is a help in teaching 
Students how to design the experiment. 

In order to design an experiment, then, the experimenter generally goes 
through the process of doing the experiment in his imagination, postulates a 
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likely cause, and then mentally tests the possible ways of determining oe 
this cause is actually the one responsible for the effect observed. dh sho E 
solves the problem without "doing" the experiment; he ‘does it,” as it s s 
in his brain. His conclusion is therefore hypothetical: it is a possible cond n 
sion, a trial explanation. In the exercise of hypothesizing, the student s Mu 
edge, previous experience, imagination, and motivation come into play. ne 
acting is the teacher's skill in evolung interest (Chapter 7. Winning n 
pation). But in elaborating a “hypothesis” of a working idea, the stu S 
goes further than merely specifying the nature of the problem; he is "sciencing' 

For instance, he may recall that cells use O, in oxidation and that CO, is 
the result of such oxidation; therefore, the expelled air must contain more 
CO; than the inhaled air. The postulated cause of the effect (increased CO; 
in exhaled air) is due to the acti ty of the cells. Therefore, if only he could 
obtain air which hasn't been placed in contact with living cells, and somehow 
test it before and after, he could compare inhaled and exhaled air for CO; 
content, = 

In designing the experiment, he bases the design on his “hypothesis. 
Somehow he must test air before it reaches the cells which change it and after 
it leaves the cells, In actual practice, if sufficient time is given, students will go 
through the stages and the reasoning mentioned above, and they will actually 
design an experimental device. 

"The student has in a sense designed an experiment with a control. A con- 
trol, as students can learn to define it, is a comparative experiment with the 
postulated cause removed. The importance of teaching the meaning of the 
control cannot be overemphasized. For it is here that students sense the mean: 
ing of the sine qua non of science: Scientists demand to know when they are 
wrong. Testability of one’s observations—hypotheses, conclusions, theories— 
therefore, is built into the design of an experiment? Note that we use the term 
“design” to mean more than the selection and arrangement of hardware, 
design includes the chemicals and their possible reactions, the experimenter's 
activities during the run, selection of the Particular phenomena to be noted, 


and the interpretation to be given if the xesults are as anticipated or to the 
contrary, 











Teaching the nature of the control 


The control experiment is not n 


ecessarily a part of the design of every 
observation (it may be so well Lnow: 


n that it need not be repeated unless it 
becom: the argument); but for clear knowledge 
Scientists attempt to use the logic invehed in a control experiment. Children 
may be taught the nature of the control quite early, elementary school pupils 


see its importance, and the general science course permits further dex elopment 
of its logical significance, 





c Bright Wileon. Jr | 4 Introduction to Scient . Y. 1952. 
Fetish Sion J ertetahecly o tfc Research, McGraw Hill, N. 
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For instance, “Is moisture necessary to the growth of mold?” Youngsters 
will “design an experiment” in which they will expose bread and place it in 
a covered jar on a moist blotter. If they are then asked, “How do you know 
moisture is necessary?” they wil! eventually respond with a design ín which 
the moisture is absent; that is, the postulated cause is removed from the con- 
trol experiment. 

Try them on similar hypothetical problems, for example: 

A substance, called a catalyst (MnO,—manganese dioxide), is said to speed 
up the production of oxygen from heated KCIO, (potassium chlorate). Design 
an experiment to determine whether this is so. Students will design an experi- 
ment in which some KCIO, is heated gently with and without MnO;. How 
much MnO, gives the greatest yield of oxygen? 

Many similar problems can be suggested (see the companion volumes in 
this series). Eventually students see that the difference between the actual ex- 
periment and ifs control is that in the control the postulated cause (moisture, 
or catalyst) has been removed, or held constant. 

When students are given the opportunity to design experiments as a per- 
vasive activity throughout the course, they soon begin to get the essence of the 
logic of the experiment. 


Teaching the “worthwhile” experiment 


Jn the introduction to this section, our two caricatures are drawn on the 
basis of what people think to be useful, meaningful, and worth while in teach- 
ing. One caricature of a teacher draws his problems strictly from life; the other 
draws his problems strictly from subject matter. What kind of experimentation 
is worth while—that drawn from problems derising their essence from life, or 
from subject matter? We wish there were evidence, in the scientific sense, to 
support our viewpoint that teachers who draw from life the problems with 
which they deal in class do prepare students better for life than those who draw 
their problems from subject matter. But evidence in either direction is not 
available; the appropriate questions have not yet been asked experimentally. 

However, one may ask, and rightly so, whether a youngster's time can most 
profitably be spent in devising experimental designs to answer such ques- 
tions as: 


What is the classification of the sea urchin? 
What is the balanced equation for the preparation of Br}? 
What combination of pulleys will give us 2 mechanical advantage of 5? 


or in answering such questions as: 


What grade of engine oil is best used in winter or summer? 
What is the relative effectiveness of different varieties of. weed killers? 
What is my blood type? 


or in answering such questions as: 
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Can chrysanthemums flower in the spring? 
Is fluoridation of water harmful? 
Is heating by gas superior to heating by oil? 


or in answering such questions as: 


What kind of person shall I marry? 

What policies shall we follow with regard to the use of atomic energy? 
What shall we do with respect to race relations? 

Is cancer curable? 


What kinds of problems are chosen depends in part on the purposes of the 
school, its curriculum, and the training and philosophy of the teacher, among 
other considerations. But, in the main, we contend that the choice of an ex: 
perimental investigation for the science class, as compared with the choice 
of investigation for the social science class, depends on what we consider to be 
the essence of science, namely, is the conclusion drawn from the experiment 
testable? As we considered in Chapter 1, the success of science has resulted 
Írom an insistence upon determining how well our answers described the 
world. Objective observational and experimental evidence allows all scientists 
to test each other's explanations. The more precise the predictions, the more 
precise is their testing and the clearer our acceptance or rejection of the ex 
planations. Hunches and guesses about the working of the world are starting 
points, but the end is clear: We require evidence which will test our hunches 
An "untestable" hypothesis is essentially meaningless, for we cannot know 
how much to rely upon it and under what conditions it may be useful. 

In many other areas of human inquiry such clear tests are not often 
possible, In the prediction of the outcome of an election we never can be sure 
what would have happened if the candidates had done something differently. 
No experiment is possible, because each situation arises only once. The con- 
cepts of political science and many other areas are necessarily vaguer than 


those of chemistry or biology because the tests of their appropriateness are 


vague. This is the case not because those studying these difficult social affairs 


subject and of society is such th: 
these areas the “sensemaking pr 
mentation is usually impossible. 

Tn science a critical question is then: 





Are the predictions testable? 


Teaching the idea of “numbers” of experiments 

The moment the teacher is convinced that students have an insight into 
the nature of the control, it is well to introduce the element of “numbers” 
This is statistical reliability, to be sure, but on a very simple level and scale. 


For instance, a biology teacher may state a problem somewhat like this: “A 
scientist wants to find out whether 


certain bacteria cause a disease. He has 
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some guinea pigs which he knows are likely to get the disease. What should 
he do?" 

"The students will generally say, "Let him inject one guinea pig with the 
bacteria, and not inject another, the control." (Later, students may learn such 
refinements as the use of litter mates, ie, genetically constant material) So 
far so good; they “know” the nature of the control. 

Now the teacher asks, "Can you be sure that all other guinea pigs will 
react in the same way as this one does?" Students will generally suggest another 
pair of guinea pigs. In a little while, students realíze the need for a sufficient 
number of experiments in order for an experimenter to come to dependable 
conclusions, When we deal with laboratory work (pp. 138-143, 276-280, 486-487), 
we shall see that one of the advantages of laboratory work is that the entire 
class confirms its own experiments by designing them with adequate controls 
and in adequate number. 

However, visualize almost any classroom in this country, or in any other, 
if the accounts of observers who travel internationally are correct; we are likely 
to see something like this: 

Chlorophyll is removed from one geranium leaf. When the leaf is stained 
with iodine, it turns blach—a test for starch. Conclusion to be accepted by the 
students: all green plants make starch. 

But we have only one test of one leaf; we do not know anything about all 
green leaves. Only after testing many hinds of leayes—red oak, pine needles, 
elodea, algae, moss, and so on—might we hazard a guess that “probably” all 
green leayes make starch. A laboratory exists for such explorations. 

The position of a teacher who tells students, “You can accept the gen- 
eralization on my Say-so,” or "the textbook's say-so,” is awkward indeed. This 
is a kind of authoritarianism, yet the scientist remains the enemy of all au- 
thoritarianism. 

Tf the reader thinks back to his experience in the high school classroom, 
he will probably recall that demonstrations (they were called "experiments") 
were performed once. Wasn't a conclusion generally reached from one demon- 
stration? Isn't this commonly true of science teaching today? 

It is, unfortunately, a common occurrence. Yet most science teachers be- 
lieve and say that, in the establishment of scientific information, the phe- 
nomenon should be observed many times under similar, and then under 
different, deliberately changed, conditions. As Brownell and Hendrickson? 
have said, “No child should be permitted from a single laboratory observation 
to formulate a generalization. . . . Instead, both in deriving a generalization 
and in applying it, learners need to encounter other instances of its validity; 
and the more practical, concrete, and natural or everyday such encounters are, 
the better.” They also said: * "Children need to know not only what concepts 





2 National Society for the Study of Education, Forty-Ninth Yearbook, Part 1, Learning and 
Instruction, U. of Chicago Press, Chicago, 1950, p. 121. 
3 Doíd., pp. 115-16. 
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Can chrysanthemums flower in the spring? 
Js fuondation of water harmful? 
Is heaung by gas superior to heating by oif? 


or m answering such questions as- 


What kind of person shall 1 marry? 

What policies shall we follow with regard to the use of atomic energy? 
What shall we do with respect to race relations? 

Is cancer curable? 


What Kinds of problems are chosen depends in part on the purposes of the 
school, tts curriculum, and the training and philosophy of the teacher, among 
other considerations, But, in the main, we contend that the choice of an ex: 
perimental investigation for the science class, as compared with the choice 
of investigation for the social science class, depends on what we consider to be 
the essence of science, namely, is the conclusion drawn from the experiment 
testable? As we considered in Chapter J, the success of science has resulted 
from an insistence upon determining how well our answers described the 
world. Objective observational and experimental evidence allows all scientists 
to test each other’s explanations. The more precise the predictions, the mote 
precise is their testing and the clearer our acceptance or rejection of the ex- 
planations. Hunches and guesses about the working of the world are starting 
ponts, but the end is clear: We require evidence which will test our hunches 
An "untestable" hypothesis is essentially meaningless, for we cannot know 
how much to rely upon it and under what conditions ít may be useful. 

In many other areas of human inquiry such clear tests are not often 
possible, In the prediction of the outcome of an clection we never can be sure 
what would have happened if the candidates had done something differently. 
No experiment is possible, because each situation arises only once. The con- 
cepts of political science and many other areas are necessarily vaguer than 
those of chemistry or biology because the tests of their appropriateness are 
vague, This 1s the case not because those studying these difficult socia! affairs 
a ee eae evidence and tests, but because the nature of the 

y is such that clear tests have not yet been devised. 1n 


these areas the “sense-making process” is more difficult, for controlled experi- 
mentation is usually impossible. 





In science a critical question is then: Are the predictions testable? 


Teaching the idea of “numbers” of experiments 


"The moment the teacher is convinced that students have an insight into 
the nature of the control, it is well to introduce the element of “numbers.” 
"This is statistical reliability, to be sure, but on a very simple level and scale. 
For instance, a biology teacher may state a problem somewhat like this: “A 
scientist wants to find out whether certain bacteria cause a disease. He has 
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some guinea pigs which he knows are likely to get the disease. What should 
he do?” 

The students will generally say, “Let him inject one guinea pig with the 
bacteria, and not inject another, the control.” (Later, students may learn such 
refinements as the use of litter mates, i.e., genetically constant. material) So 
far so good; they "know" the nature of the control. 

Now the teacher asks, "Can you be sure that all other guinea pigs will 
react in the same way as this one does?" Students will generally suggest another 
pair of guinea pigs. In a little while, students realize the need for a sufficient 
number of experiments in order for an experimenter to come to dependable 
conclusions, When we deal with laboratory work (pp. 138-143, 276-280, 486-187), 
we shall see that one of the advantages of lahoratary wath is that the entite 
class confirms its own experiments by designing them with adequate controls 
and in adequate number. 

However, visualize almost any classroom in this country, or in any other, 
if the accounts of observers who travel internationally are correct; we are likely 
to see something like this: 

Chlorophyll is removed from one geranium leaf. When the leaf is stained 
with iodine, it turns black—a test for starch. Conclusion to be accepted by the 
students: al! green plants make starch. 

But we have only one test of one leaf; we do not know anything about ail 
green leaves. Only after testing many kinds of Jeaves—red oak, pine needles, 
clodea, algae, moss, and so on—might we hazard a guess that "probably" all 
green leaves make starch. A laboratory exists for such explorations. 

The position of a teacher who tells students, “You can accept the gen- 
eralization on my say-so,” or “the textbook’s say-so,” is awhward indeed. This 
is a kind of authoritarianism, yet the scientist remains the enemy of all au- 
thoritarianism. 

Jf the reader thinks back to his experience in the high school classroom, 
he will probably recall that demonstrations (they were called "experiments") 
were performed once. Wasn't a conclusion generally reached from one demon- 
stration? Isn't this commonly true of science teaching today? 

It is, unfortunately, a common occurrence. Yet most science teachers be- 
lieve and say that, in the establishment of scientific information, the phe- 
nomenon should be observed many times under similar, and then under 
different, deliberately changed, conditions. As Brownell and Hendrickson? 
have said, “No child should be permitted from a single laboratory observation 
ta formulate a generalization. . . - Instead, bath in deriving a generalization 

and in applying it, learners need to encounter other instances of its validity; 
. and the more practical, concrete, and natural or everyday such encounters are, 
the better.” They also said: * “Children need to know not only what concepts 





2 National Society for the Study of Education, Forty-Ninth Yearbook, Part 1, Learning and 
Instruction, U. of Chicago Press, Chicago, 1950, p. 12{. 
; 3 Ibid,, pp. 115-16. 
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are (what they include, to what they refer) but also what they are not. The 
tume it takes to clear up misunderstandings 1s amply repaid.” 

JE conclusions are continually elicited solely on the basis of one observa- 
tion, one trial, we cannot expect the pupils to see the need for, or believe, that 
scientists actually conduct many experiments, make many observations, and 
are cautious in coming to conclusions The difference between “what I do” 
and "what I say" does not sit well when students must come to accept (be- 
lieve) a fairsized conclusion every hour. 

Yet what is the teacher to do when he i5 always working within a limited 
time? How can he immerse the class in one major activity of scientists—that ot 
designing an experiment, then checking predictions by doing it? How can he 
rid his instruction of chall talk and avoid the error of the single-shot activity 
leading to an all embracing conclusion? 

A tentative solotion—use your laborotory. The first few classroom demon- 
strations in the year can be made the occasion for developing the idea that 
each represents many similar ones that have been done before, At that time 
the pomt can be made that especially important problems be studied 
more fully in the laboratory, with possible variations in the kind or in the 
amount of materials. This statement must, of course, be followed up with 
the performance it promises. The teacher can stress that a demonstration, 
followed by individual laboratory work or not, is only an example of how 
scientists work, Time and materials permitting, the teacher should attempt to 
submit the most important problems to fuller laboratory experimentation. 

As students continue to design experiments throughout their high school 
experience in science, they begin to get a glimmer into the ways of the scien- 


ust. They get a glimpse of the scientist at work, or our "method of intelli 
gence,” 





Time to investigate—time to design and do experiments 


Any science teacher who daily meets a class and yearly confronts an 
overcrowded syllabus will wonder when students may have the time to design 
and do the kind of experiment we have been talking about. There are sev- 


d i aa 
eral answers relating to practicable modifications of present courses of study 
to give more time to leisurely teac] 





o give e g-a prerequisite and perquisite of effec 
tive science teaching. The modifications wil! be dealt with in various sections 


in this book. Nevertheless, the teacher who is aware of the opportunities in 


class situations may grasp such opportunities as often as he wishes. The fol 
lowing is such an instance. 


The "problem" situation; the opportunity grasped 


Someti í 
et and it can happen at feast once during the year's work, a 
p m situation occurs. Then a teacher who believes in teaching “science” 


as well as “history of science” grasps the opportunity. So do his youngsters: 
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Here is the story of such an occasion, described in an “open letter” received 
by one of the authors. 


The June, 1948, preliminary Science Regents contained the following ques- 
tion: 

"Explain how you could test the truth of onc of the following statements: 

a. Cut flowers wil! not fade so rapidly if an aspirin tablet is dissolved in 
the water in which they are kept. 

b. Hot water freezes sooner than cold water. 

c. Water heats faster in a black kettle than it does in an aluminum kettle.” 

As a followup, the students in my 8th grade classes set up experiments at 
home to test part b. 81% of the students reported that for complete freezing hot 
water froze first. Out of curiosity 1 continued the experiment with succeeding 
classes Each time I increased the controls and eliminated possible errors The 
results were always the same. From 85 to 95% of the pupils found that the hot 
water froze sooner. 

‘The experiment was performed in two ways: 

1. Equal volumes of boiling (100* C) and cold (18* C) water were placed in 
separate ice trays, set side by side, and tested. The experiment was repeated with 
the positions of the hot and cold water trays reversed. 

2 Equal volumes of water were tested as above, first cold, then hot. 


"The evidence for the hot water freezing sooner is as follows- 

1. 903 students performed the experiment. They were instructed in reading 
thewneniscus of a liquid, in checking temperatures of both liquids and the interior 
of the freezing compartment, in controlling the checking procedures, in using 
different amounts of water, etc. 872 students found that the hot water froze ear- 
her. 

2. With the aid of the home economics department, experiments under lab- 
oratory conditions were performed. Here are some of the typical results: 


Volume Temp. Weight Time Freezing — lcewemght — Remelted 
(ml) eo (gm) (mun) temp. (*C) (gm) volume (ml) 
50 72 48.20 09.15 18 415 47 
50 19 4945 o0 95 491 49 
100 7 9635 17-50 17 912 93 
100 19 99.20 21:04 02 973 96 


3. I checked through scores of chemistry and physics texts. There was no 
mention of this particular problem, although one book, Brief Course in Physics 
by Earls (Prentice-Hall, 1919), stated that the freezing point of boiled water was 
higher than that of cold water which, of course, contained dissolved air. 

4. Hot water weighs less than cold water. There are less grams to freeze. 

5. Rapid evaporation, hence rapid cooling. proceeds quite vigorously above 
the hot water ice tray because it presents a large surface area and because the 
water is quite hot. This leads to two assumptions: 

a. In the early stages of cooling the hot water is 
the “handicapped” cold water by rapid evaporation, 

b. Some of the hot water is lost to the sides of the freezer compartment 
in the form of frost, thus further reducing the number of grams in the hot 
water tray. 

6. Tables in the Handbook of Chemistry and Physics, 195453, page 2079, 
show that the therm il capacity for air free water is not the same at each degree: 





ided in its “chase” of 
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Thermal capacity 


Temp CO) (ratfgm/C*) 
o 1.00733, 
5 100568 
55 09895 
$i IIRA 
100 1.00607 


It would appear that the hot water would be given a “cooling boost" as it fell 
in temperature through the middle degrees 


In any event, the dass concluded that, under similar conditions, equal 
amounts of hot water freeze sooner than equal quantities of cold water. 


Kenneth Dunn, Science Department : 
Carle Place High School, Carle Place, New York 


(Perhaps the following comment may be relevant: Hot water will melt 
through the fila of ice on the freezing tray and will make better contact 
with the freezing unit. The cold water tray may be insulated by a layer of ice 
which has a lower thermal conductivity than does the material of the freer 
ing shelf.) i 

Kenneth Dunn grasped the Opportunity to reach the design of an experi 
ment. The class, as we understand it, worked hard but the students also had 
fun Science is fun, as well as hard work: it is also an important human activity. 





. 
Observing a total scientific operation 


Total scientific oj 
ess, and they are 
may be difficult f 
be done. 


perations can be observed only where they are ín proc 
going on all the time in the laboratories of the nation. It 
‘OF Most youngsters to observe a scientist at work, yet it caa 


Observing scientists “in the flesh” 


Wherever students get the Opportunity to meet scientists or to work for 
them, the experience is of value to both. The scientists involved learn about 
the schools and are stimulated to help the science teacher. by offering equip- 
ment and by appearing before science clubs and student assemblies. In one 
school situated near a university, students atted as laboratory assistants it 


minor tasks at first, and later, in advanced ones. In another school situated 
near a hospital, students assi 


isted parttime in the laboratories. Similarly. 
in several schools located in large cities where national or state conventions 
udents were regularly sent to the meetings. In 
on the activities of the scientists for their class- 
* the school paper, and the school magazines. 
t such a convention, or. from such a laboratory, 
he school and speak at an assembly, 


|, the st 
all these cases they Teported 


mates, science club member: 
Also, one of the scientists ai 
may be willing to come to t] 
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One of the most fruitful ways for students to get direct information 
about the activities of scientists is to ask a former student who is majoring in 
science at a university to return from time to time and report on the activities 
there. Former students in science returning to their previous haunts have a 
healthy and stimulating effect on the student in school, for developing strong 
motivation is still a function o£ the school. 


Observing scientists “vicariously” 


As has been stated, it is not always possible to study the scientist and his 
ways directly, but it is usually possible to study his ways by studying his life 
through a biography, 2 film, or the “case study” approach. By these means 
it is possible to study the way scientists get problems, fashion their grand 
and limited working hypotheses, design their experiments and develop their 
conceptual schemes, and evohe the questions they ask of nature. After all, 
the most important attribute of the scientist is not that he finds the right 
answers but that he finds the right questions. (As we developed in Chapter 
1, this activity of finding the right questions occurs in the brain; and there is 
no present verifiable knowledge as to how it occurs.) 

Through biographies. Reading biographies of scientists is apparently very 
useful in getting at their way of approaching and solving problems, For 
instance, Hans Zinsser's account of his life in As / Remember Him, Vallery- 
Radot's The Life of Louis Pasteur, or Exe Curie’s account of her mother’s 
life, Madame Curie, help the student glimpse the tragedies and triumphs of 
a scientist's life. They get a bit of the smell of the laboratory, they see imagi- 
nation and gather information, they get an inkling of the scientist as scientist 
and as human being. 

Through motion pictures. It is now possible to get several films useful in 
giving youngsters a miniature of the scientist. For instance, Louis Pasteur, 
The Magic Bullet (a vignette of Paul Ehrlich), or History of Chemistry will 
help youngsters to get some insight into the nature of scientific work. 

Lists of such films may be found in the companion volumes (see foomote 
on p. 33); some of these films are available on loan. 

By a study of their papers. One of the methods the scientist uses, highly 
typical of his approach, is publication of data. He intends, unless he is bound 
by security regulations, to make his knowledge available to all. And he de- 
scribes his methods in such a way (in a "formal logic") that they may be con- 
firmed by others. Hence his paper is part of the self-correcting method of 
the scientist. 

It is entirely possible (and it has been done) for a teacher to get a set 
of research papers by writing to scientists asking for reprints. However, he 
should make his requests reasonable, and remember that someone, often the 
scientist, had to pay for the reprints. (Perhaps he need request only one, and 
can mimeograph copies.) These reprints may be examined in class and the 
organization discussed. For instance, general headings such as: (1) Introduc- 
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tion, (2) Method, (8) Observation, (4) Conclusions, and (5) Jbiegartt 

As a result of a study of such papers youngsters catch" the climate e 
accuracy, carefully detailed work, and esential honesty of the d s 
efforts. "They catch, 1n short, something of the attitude of the scientist. s 
can see something of the way the scientist uses guesswork, common sense, e 
and error, as well as “imagination” to get at a solution to the problem. They 
wall also see, if the reprints are wisely chosen, that unsuccessful as well as 
successful experiments are reported. . zs . 

Through the case method. Students of law or business adn 
often study cases dealing with specific important generalizations and ana 
operations in these fields. Students of science can also profit from the use o' 
case studies 1n science. In fact, several large universities, including Chicago, 
Colgate, and Harvard, have used cases for some of their general education 
courses m science. The intent 1s to have the student, through the study of 
relatively simple factual material, follow closely from the original writings 
the way in which the scientist tried to reshape his materiat and ideas to reach 
some major conclusion, Conant has called this “looking over the shoulder 
of the scientist at work.” The student should recognize through his own 
experience the difficulties and procedures of the scientist at work. 

Several high school science teachers have also for many years used cases 
in their instruction. The materials chosen are less lengthy and complex than 
those used in college, but the intent is the same.‘ A series of experimental 
cases for use in high schools 1s now being developed. The first titles are: The 
Sexuality of Plants, The Discovery of Bromine, and How Far Away Is the Sunt 
Each is chosen to illustrate clearly certain aspects of scientific creativity. A 
number of high school texts also include sample case histories. 

"The Harvard Case Histories, available in pamphlet form, are: 


1. J. B. Conant, Robert Boyle’s Experiments in Pneumatics 
2. J. B. Conant, The Overthrow of the Phlogiston Theory 


3. Duane Roller, The Early Development of the Concepts of Temperature 
and Heat 

4. L. K, Nash, The A4tomic-Molecular Theory 

5. L. K. Nash, Plants and the Atmosphere 

6. J. B. Conant, Pasteur’s Study of Fermentation 


7. J. B. Conant, Pasteur's and Tyndall's Study of Spontaneous Generation 


8. Duane Roller and D. H. D. Roller, TAe Development of the Concept 
of Electric Charge 


While these cases are likely to be too complex for secondary school pupils. 
they are admirable for use in teacher training institutions. 


4L. Klopfer and F G. W: vti j ae 
Teaching” Phe Science Teich di opa iag, Historical Materials in High School Selen 
one arta U, Press, Cambridge, various publication dates, ist prices vary from about 
© Other useful examples of cases are available in I. B Cohen, Science, Servant of Man 
Latte, Brown, Boston, 1948, and W. 1. à ] ien, Science, Servant o ; 
ed.. W. W. Norton, N. Yo josy. 7 U P Beveridge, The Art of Scientific investigation, eY. 
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Each case study is built around significant sections from the original 
writings of the scientists involved. There is an analysis of the historical back- 
ground behind each investigation and a painstaling account and analysis 
of the investigator's purpose, his way of recognizing the problem, his grand 
and limited working hypotheses, his experimental design, his techniques, his 
errors, and his difficulties. 

The essential way of dealing with the case study is to have students read 
it before class, then “milk it dry" with a discussion of the ways of the specific 
scientist under scrutiny. At Forest Hills High School, for example, George 
Schwartz uses mimeographed excerpts of the actual papers of the scientists in- 
solved in the development of the concept being discussed. For instance, in a 
discussion of spontaneous generation, his students are given a translation of a 
portion of Francesco Redi's experiment (p. 17) and a part of Pasteur's as 
follows: 


PASTEUR PROVES THAT FERMENTATION AND PUTREFACTION 
ARE BROUGHT ABOUT NOT BY THE AIR BUT 
BY PARTICLES SUSPENDED THERETN * 


I believe I have rigorously established in the preceding chapters that the 
organized productions of infusions that have previously been heated have no 
other origin than the solid particles which the air always carries and constantly 
lets fall on all objects. 

If there can still remain in the mind of the reader even the least doubt in 
this regard, it will be removed by the experiments of which I am about to speak. 

I place in a round glass flask one of the following liquids, all of which are 
very easily altered by contact with ordinary air: watery extract of yeast, sweetened 
watery extract of yeast, urine, beetroot juice, watery extract of pepper; then I 
draw out, at the blowpipe, the nech of the flask so as to give it various cursatures 
as is indicated [accompanying figures]. 1 then bring the liquid to a boil for sev- 
eral minutes until the steam issues freely from the open end of the drawn-out 
neck, using wo other precaution. I then let the flask cool, It is a vemarkable fact, 
calculated to astonish anybody who is used to the delicacy of experiments rela- 
uve to so-called spontaneous generations, that the liquid in the flask remains in- 
definitely without alteration. One can handle the flask without apprehension, 
moe it from one place to another, allow it to undergo all the temperature 
changes of the seasons, and the liquid in it shows not the slightest alteration and 
keeps its smell and taste. ‘There will be no change in its nature otber than, in 
certain cases, a direct oxidation, purely chemical, of the matter. But we have 
seen by the analyses which I hate published in this memoir how this action of 
oxygen is limited, and that in po case are any organized productions developed 
in the hquids. 

It appears that tbe ordinar) air, returning with force at the first moment, 
mms aeath whe Gask quite unahertt. Trat io troe, er i eneyemners a quid inat 

is still near its boiling point. The re-entry of the air thereafter occurs more slowly, 
and by the time that the liquid is so far cooled as no longer to be able to deprive 
germs of their vitality, che re-entry of the air becomes so slow that it leaves behind, 
in the damp curses of the neck, all the dust parties capable of acting on the 








1 F. Sherwood Tavlor, A Short Hestaty of Science and Scientific Thought, W.W. Ne 
N. 3., 1919, pp. 206-07. E tone 
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Infusions and bringing about the production of organism. At Teast. I sce na 
other possible explanation of these curious experiments. Hf, after one or mm 
months’ stay in the incubator, the neck of the flask be detached by a nick with 2 
fle, without touching the ask in any other way . . . after twenty four, thirtysiv 
or forty eight hours, molds and infusoria begin to show themselves absolutely 


im the ordinary way of Just as if one had sown dust particles from the air in 
the flask. 


In class, a discussion brings out the essential purpose, method, and out 
come of the experiments, as well as the way of the scientist—all this, of course, 
in addition to background reading in the text. " 

For instance, note how the spirit of Jan Ingen-Housz's investigations is 
disclosed even on a brief reading of the excerpts which follow: 


EXPFRIMENTS UPON VEGETABLES DISCOVERING. 
‘THEIR GREAT POWER OF PURIFYING THE COMMON ATR 
IN THE SUNSHINE, AND OF INJURING IT IN THE SHADE AND AT NICHT 


Iwas not long engaged in enquiry before I saw a most important scene opened 
to my view: I observed that plants not only have a faculty to correct bad air in 
six or ten days by growing in it, as the experiments of Dr, Priestley indicate, but 
that they perform this important office in a complete manner in a few hours; that 
this wonderful operation 1s by no means owing to the vegetation of the plant, but 
to the influence of the light of the sun upon the plant , . . ; that this operation 
is far {rom being carried on constantly, but begins only after the sun has for some 
time made his appearance above the horizon, and has, by his influence, prepared 
the plants to begin anew their beneficial operation upon the air, and thus upon 
the animal operation, which was stopt during the darkness of night; that this 
operation of the plants is more or less brisk ın proportion to the clearness of the 
day, and the exposition of the plants more or less adapted to receive the direct 
influence of that great luminary, that plants shaded by high buildings, or growing 
under a dark shade of other plants, do not perform this office, but, on the con 
trary, throw out an air hurtful to animals, and even contaminate the air which 
surrounds them, that this operation of plants diminishes toward the close of the 
day and ceases entirely at sunset, except in a few plants, which continue this duty 
somewhat longer than others; that this office is not performed by the whole plant. 
but only by the leaves and the green stalks that support them; . . . 

‘This work is a part of the result of above 500 experiments, all of which were 


made in less than three months, having begun them in June and finished them in 
the beginning of September, working from morning uil night. 


EXPERIMENTS SHOWING THAT PLANTS HAVE A REMARKABLE 
POWER TO CORRECT BAD AIR IN THE DAY 


56 A sprig of peppermint put in a jar full of air fouled by breathing (so as to 


‘extinguish a candle), and exposed to the sun, had is air i n 
so far that a candle could burn i eee ee ee 





57. ^ spng of nette was put m a jar f i i 

SS 1e jor futt of air fouled by breathing so as to 

extinguish a candle; it was placed in a room during the whole Juhi; mud morning 
€ am was found as bad as before The jar was put at 9 in the morning in the 


sunshine; in the space of two hours the air was n 
so nd 
PAT a e ia much corrected that it was fou 


* Jan !ngen Housz London, 1779. 
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EXPERIMENTS SHOWING THAT THE SUN, BY fISELF 
WITHOUT THE ASSISTANCE OF PLANTS, 
DOES NOT IMPROVE AIR BUT RENDERS IT RATHER WORSE, 


12. Two jars, half full of air taken from the atmosphere at the same time, 
and balf full of pump water, were left by themselves during four hours; the one 
was exposed to a bright sunshine, the other placed within the house, only two 

3 steps from a door opening in the garden. The air kept in the house gave, in six 
different trials, constantly the appearance of being better than that of the jar 
placed in the sun One measure of the air kept within doors with one of nitrous 
air occupied 1.06%, whereas that exposed to the sun occupied 1.0235. I must, how- 
ever, acknowledge that this experiment ought to be repeated more than once, to 
put the fact out of any doubt. I made it the very last day of my stay in the 
country, and thus had no time to repeat it. 


Experience with a number of teachers has indicated that the case study 
method is exceedingly useful especially when library facilities are available. 
Further discussion of methods of teaching science in later chapters will offer 
further approaches which make use of the case method. 

Through scientists’ evaluations of their own methods. Scientists are not 
illiterate, In fact, many times they make statements which describe how they 
think, feel, appraise, or evaluate their own methods of work. Sometimes 
these evaluations are brief but comprehensive statements. An examination 
of even a few brief quotations will indicate that valuable discussions may 
result from their analyses. 


WHAT 15 SCIENCE? 
TIS SOURCES, AIMS, AND PROCEDURES 9 


This is the first fact about science: it 1s a human activity. As such it is subject 
to all the frailties of human endeavor. Its history is a history of errors, slowly 
corrected; a history of effort, a search for a wider knowledge of facts and deeper, 
more embracing schemes for understanding and explaining them. Science is not 
a cold, infalhble, impersonal machine; it is not just a collection of formulas and 
technical terms about abstruse questions remotely related to everyday life and 
thought. Science is ultimately refined common sense. It is the organized knowledge 
developed and possessed by men and women of the world they live in. 

As a human endeavor, science is dependent on human motivation. ‘The 
motivations for scientific endeavor are not hard to find, First, there is the ever- 
present need for knowledge that helps man master the environment he lives in, 
making it subservient to his needs. Our knowledge of astronomy began its growth 
impelled by the need of a calendar for the season-conscious Babylonian farmer. 
In our own day, the growth of knowledge of nuclear physics has been impelled in 
part by unhappier but no less practical considerations. 

Secondly, and in the long run more important, there is the almost universal 
Taing im men waiale sedke satisfaction in rcv ege v Yrre wort for its own. 

sake—knowledge not only of the facts themselves but of how they are related and 
how things are caused; in short, knowledge of how the world of fact can be ex- 
plained and so understood. The simple and naive questions of the small child 
when they recur in mature minds are the life's blood of science. "Who dug it?" 
as a question on first seeing the Grand Canyon is naive only in phraseology; in 


2G, G. Simpson, C. S. Pittendrigh, and L. H. Tifany, Lafe: 
Harcourt, Brace, N. Y., 1957, pp. 18-19. 


An Introduction to Biology, 


r 
‘CHING THE WAYS OF THE SCIENTIST — 51 


m 


the older man this chuld-question leads to our understanding of the cutting pone 
of running water Cats may be killed by curiosity, but science dies for the lack of it. 


Or a view of mathematics. '? 
‘Mathematics, tightly viewed, possesses not only truth, but supreme beauty—a 
beauty cold and austere, hike that of sculpture, without appeal to any part of 
cur weaker nature, without the gorgeous trappings of paintings or musie, yet 
sublimely pure, and capable of a stern perfection such as only the greatest art 
can show The true spirit of delight, the exaltation, the sense of being more 
than Man, which 1s the touchstone of the highest excellence, is to be found in 
mathematics as surely as in poetry What is best in mathematics deserves not 
mere to be learnt as a task, but to be assimilated as a part of daily thought, 
and brought agam and agam before the mind with ever renewed encourage 
ment Real hfe 1s, to most men, a long second best, a perpetual compromnc 
between the ideal and the possible, but the world of pure reason knows no 
compromise, no prachcal imitations, no barner to the creative activity embody- 


ing im splendid edifices the passionate aspiration after the perfect from which 
all great work springs 


Or even a very brief remark, such as the following: ™ 


The white man drew a small arcle in the sand and told the red man, “This 
as what the Indian knows,” and drawing a big circle around the small one, 
“This is what the white man knows” The Indian took the stick and swept at 


immense ring around both circles “This ıs where the white man and the red 
man know nothing” 


The student as “scientist” 


High school students are not scientists, but they are scientists in the mak: 
ing. Some of them will be scientists, all of them as youngsters or adults will 
use some of the ways of the scientist. 

If the ways of the scientist are taught pervasively during the year, the 


student will have the opportunity to do the various things which characterize 
the scientist He will be given the opportunity to: 


1, Use his imagination to develop ideas (even wild ones; wild ideas 
eventually succumb to the quiet of thought). 


2. Design experiments, and in so doing learn to 
a. specify his problems, 
b. clarify bis hypotheses, 
c. recufy hus observations, 
d venly lus conclusions. 
3. Give reports to his classmates (a seminar situation). 
4, Do “research” in the library and the laboratory. 
5, Write a paper. 


6 Report before his peers (in the science class or in a Science Congress). 
7. Exhibit before his peers (in a Science Fair). 


ao Bertrand Russell, Mysticism and Logic, B: 
31 Carl Sandburg. The People, Yes, four Bras NE ae” pie 
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The teaching method and techniques by which these are to be accom- 
plished belong properly in Section III of this book. A course in advanced 
science wherein students do “research” projects will be described in Chapter 
3 and in more detail in Chapter 9. 

Here it is sufficient to indicate that a good method, possibly the best, 
of helping the student to understand the way of the scientist is to have him 
live the life of the scientist, as best he can. 


Scientists and science teachers as human beings 


As has been said, scientists have been successful. Although this success 
has been tinged with remorse for some of the social uses to which scientific 
discoveries have been put, still it is envied, So we find, for instance, advertising 
becoming “scientific”; toothpastes, lipsticks, cigarettes must somehow be asso- 
ciated with SCIENCE. 

The result of all this has been to forget that the scientist is a human 
being as well, happy and troubled, with the goals and aspirations of all hu- 
man beings. Indeed Kubie *? has emphasized the price a scientist might pay 
for his choice of a life of research: 


Scientific research is conducted largely behind closed doors, and the accuracy 
of any man's observations and the veracity of his reports depend ultimately upon 
his honesty. This honesty depends ın turn upon maturity, upon some degree of 
security, and upon a sense of identification and fellowship with competitors. 
Under present conditions, it 1s a tribute to scientists that violations of their 
code of honor are so rare that when lapses occur they become historic scandals. 
This issue is especially delicate in such fields of science as psychology, psychiatry, 
and psychoanalysis, in which it is difficult to repeat another man’s observations 
for purposes of objective clinical or experimental or statistical confirmation. 

. «++ Certainly the idyllic picture of the innocent, child kke scientist who 
lives a life of simple, secure, peaceful, dignified contemplation has become an 
unreal fantasy. Instead, the emotional stresses of his career have increased to a 
point where only men of exceptional emotional maturity and stability can stand 
up to them for long, and remain clear-headed and penerous-hearted under such 
psychologically unhygienic conditions. Thoughtful educators are beginning to 
realize that the socio-economic basis of the life of the scientist must be entirely 
overhauled; that the psychological setting of hus life needs drastic revision, and 
that, at the same time, the emotional preparation for a life of research is at 
least as important as is the intellectual training. 


In any event, for the teacher this means that he must assume the respon- 
stbility for guidance so that youngsters might know the kind of life the 
scientist leads. Biographies sometimes hide the daily routine, the tediousness 
of investigation; they emphasize results rather than the thousands of disap- 
pointing failures and frustrations. Invite an investigator to talk candidly to 
students—to those who want to be scientists, and to those who do not. The 


i2L, S. Kubie, “Some Unsolved Problems of the Scientific Career,” A ie 
Se merican Scientist, 
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latter need to understand the kind of man who gives his life over to invest! 
eet we noted earlier, perhaps students who are now in graduate school 
and who have returned for a visit will speak to classes in science. In this 
way, a line of communication can be maintained between youngsters prepar- 
ing to go into science, those who wilt need to understand the nature of science 
and scientists in a “scientific” age, and those who are already in the thick of 
investigation. 

A word about transfer of training. There is little evidence that the need 
and the act of becoming a scientist per se makes a youngster a better persons 
Indeed, it seems that youngsters in high school who intend ta become scientists 
have already achieved a type of "behavior pattern" which predisposes them 
to the intellectual wave lengths of life.t* It appears, too, that youngsters who 
enter upon an intellectual life must develop bread-and-butter behaviors and 
attitudes which are part of the pattern of life they have assumed; hence, they 


are bound eventually to differ from those who have, let us say, assumed the 
pattern necessary to success in business.i« 





Nevertheless, it 1s conceivably sound to say that the science teacher plays 


a part in helping the youngster identify himself with a pattern of behavior 
which has been identified with the scientist. 


"The teacher, being in loco parentis, can at least approach the pattern of 
living he seeks to establish in the lives of youngsters. There are indeed atu 
tudes which are helpful for scientists to assume, if only to help them get at 
therr investigations with a minimum of emotional friction, These attitudes 
have been generally grouped together as “scientific attitudes.” Actually they 
are characteristic of the judicial temperament. They are part of the method 
of intelligence we have been talking about. Surely it is intelligent to suspend 
judgment, 


to be open minded, to be honest and patient when one attempts 
to solve any problems. 3 


It is specious, then, to allot these attributes to the scientist alone ‘when 
even casual thought will show them to be 
balanced living. Nevertheless, a teacher who is not open minded, who is 
bigoted and prejudiced, who is not honest, judicious, 
dealings with his students and the problems in class, 
“teach” these attitudes or help make them active attribui 


is human, but to admit it is also human, and some would say it is the better 
part of making the mistake. The fact is that scientists do make mistakes, a 


scientists and as human beings. As human beings their method of intelligence 
is fast becoming a goal and aspiration of Tight action. As scientists their mis- 


I*R, D MacCurdy, “Characteristics of Superior Seu Own Sub- 
Groups,” Scrence Education, 40, 1956, p 3. EAT AAEE AA ENEE OAN 
P. F. Brandwein, The Gifted Student as Future Scientist, Harcourt, Brace, N. ¥.. 1955 

b Monseeapner aan Scientists and Nonsnentisis in a Group of 800 Gifted Aten, Paycholog 

cal Monographs, Vol’ 68, No 378, 1954, also “Ai " nean, 
i, Monographe: Voles, re Scenusis Different", Scientific Amer 


necessary to wise, gracious, and 


and patient in his 
cannot with propriety 
tes. To make a rasstahe 
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takes are corrected, for their method of intelligence serves them in an undei- 
taking where the free, even joyful, experience in search of meaning is the 
central goal, and where the atmosphere of self-correction prevails. They 
breathe, in short, the climate of science. 


This atmosphere, this climate, is also that of the science classroom. Where 
the method of intelligence prevails, science is "caught" as well as "taught." 
The science teacher clearly has prime responsibility for what goes on in his 
classroom; hence he has responsibility for the climate in which he teaches. 


A short excursion 
into appraising activities appropriate to developing 
a climate of science 


Four laboratory exercises and experiments are offered below for your 
evaluation, 


(a) MEASURING BUOYANCY 

1, Set up the apparatus as shown on the blackboard. Use any weight such 
as a rock or a metal object that fits into a can, Measure the weight of the object. 
Its weight 1s. .. grams. Fill the can with water until ìt pours over the spout. 
Pour out the excess that flows into the overflow can. Lower the object into the 
water as shown in B and note its apparent weight. The apparent weight in water 
ws... . The object seems to have lost. . of weight. The buoyancy of the 
water on the rock is. . . What seems to be the connectton between buoyancy 
and loss of weight? - 

2. Weigh the water displaced by the object as follows The weight of the catch 
bucket with the overflow water displaced by the object is - The weight of 
the catch bucket when empty is... How does this weight of overflow (dis- 
placed) water compare with the buoyancy on the object? 

5. Repeat the experiment for another object. The weight of the new object 

The apparent weight in water is - The loss of weight (buoyancy) 
+= The weight of the catch bucket with displaced water is The 
weight of the catch bucket alone is . . . Therefore the weight of the water 
displaced by the object is How do the buoyancy and weight of displaced 
water compare? 

^. Repeat the above experiment, using the same object as in the prevíous 
experiment but with some other liquid such as salt solution or alcohol. The weight 
of the object is. . The apparent weight of the object in the liquid is .... 
The buoyancy (loss of weight) is ~. The weight of catch bucket and dis- 
placed liquid is. . The catch bucket alone weighs . . Therefore, the 
displaced liquid weighs - How does the weight of the displaced liquid 
compare with the buoyancy of “the liquid on the object? ~... 

Arriving at your contiusions, Srate a ‘hypothesis connecting the buoyancy ol 


a liquid on an object immersed in it and the weight of liquid displaced by the 
object 











(b) wHAT 15 A CONTROL EXPERIMENT? 


Is moisture needed for mold to grow on bread? Set up an experiment with a 
control to answer the question above. 


Here are some suggestions. My procedure: (1) Expose a slice of bread to the 
air until the bread is dry. (2) Break the bread into two pieces. (3) Moisten one 
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piece, leave one piece dry (4) 
Mv observations of the results: 
My. conclusions E e 





(C) WHAT CONDITIONS ARE FAVORABLE TOR THE SPOILAGE OF MILK? 
The plan for my experiment Š 


What happened: 5 


Conclusion, ®  _ 








* Did dassmates with experimental plans like yours get the same result? 
It ıs good procedure to check results with the conclusions of others. Scienusts 
do not accept conclusions which come from doing an experiment just once 


(d) The experience described on p. 44 under the heading, ‘The Opportumty 
Grasped 


2-1, Which of these is most appropriate to the climate of science you would 
hike for your school? Or perhaps you would prefer a balance? What balanced 
combination of these four science activities would serve your needs? 


2-2, Perhaps you will want to ask yourself the same questions about the 


activities in Chapter 7, Winning Participation; Chapter 8, The Science Shy: 
and Chapter 9, The Science Prone. 
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PATTERNS 
IN TEACHING SCIENCE 


Section T wo 


Surely the climate which exists in a science classroom depends on the 
science teacher. However, it does not depend on him alone. No teacher 1s an 
island, he works in a school and is subject himself to that particular and special 
environment with a climate all its own—the school. The school may have a 
pattern which 1s clearly traditional, college preparatory, the student behaves- 
or-else-and-no-monkey-business; or it may have one which is permeated with 
the permissive, nonthreatening climate which permits considerable varia- 
tion in personal teaching pattern, of it may be anywhere between these extremes. 

Let's face it. Not all teaching assignments, not all teaching tasks have noble 
or uplifting purposes. Not all teaching posts have liberalizing influences. Many 
factors determine what kind of pattern can be successful in a certain school, 
and what kind of pattern can be developed. 

For instance, "who" is ín the class—science shy or science prone, rural or 
urban, male or female, academically oriented or “just waiting to become sixteen” 
—must strongly influence what subject matter and what method is chosen to 
stimulate learning. A young teacher may be strongly influenced in his pattern 
by his early choice of a school, its intent, and the goals of the students enrolled. 

In this section, various patterns of teaching will be dealt with. We have 
observed them all, and our prejudices, our leanings will clearly show if only 
because we are human, and not allavise or all-seeing. Even if we were allavise 
and all-seeing we should still present these various patterns, because teaching 
is a personal invention and the teacher develops his own, very personal pattern. 

We might have begun with objectives or with the psychological base of 
concept formation. But we prefer first to examine existing patterns in classes 
and patterns of teachers; then the reader can more realistically appraise his 
own methods and purposes, determine his objectives, and make his plans for 
the development of students. Then we continue to the science lesson per se 
as given to heterogeneous groups, the science shy, and the science prone. 


Chapter 3 SCIENCE CLASSES Chapter 7 WINNING PARTICIPATION 
Chapter 4 SCIENCE TEACHERS Chapter 8 THE SCIENCE SHY 
Chapter 5 BEHAVIORAL OBJECTIVES — Chapter 9 THE SCIENCE PRONE 
Chapter 6 WINNING THE CONCEPT 


Then, having discussed the vatious patterns of science teaching in this 
section, we go on to apply them to specific courses in the next section. Such 
an approach gives us a better basis for appraising courses and curriculums. 
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CHAPTER 3 


Patterns in teaching science: 


Science classes 


A note at the beginning: When a science teacher is asked, “What do you 
teach?", the answer is sometimes "science," sometimes 
"chemistry." Usually the answer involves some area of sub- 
ject matter Rarely is the answer “children,” and properly 
so, for this answer by itself is meaningless. 

Yet we do teach children, We teach them in a class, 
and we also teach them singly, But we always teach them. 
something, even if it is only our personal attitudes toward? 
life, : 

Generally as science teachers we teach science tora 
class, not to individuals. Yet we know that the learning 
which is to result from our teaching must occur individu- 
ally in each separate child, We are then faced with teach- 
ing a class so that each pupil learns individually. This is à 
sizable problem. For essentially science teachers im the 
United States teach science to groups of children, called 
“classes.” But before we begin to consider teaching the 
class “science,” we should examine the meaning of that 
special group, the "class." And in this case, specifically the 
science class. 

We place an examination of existing class groupings 
even before an examination of the objectives of science 
teaching We want to discuss objectives in the light of the 


patterns of “science classes” and “science teachers.” We 


ask then that the reader humor us, and himself, to the 
extent of reading Chapters 8 and 4 before going on to 
objectives (Chapter 5) and concept formation (Chapter 6)- 
Then we can look at objectives in the hard light of the 
situation which exists, We will, in short, examine real 


classes and real teachers before we examine ideal, classes 
and ideal teachers. 
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The class 


Science classes in high school may vary from enrollments of one to sev- 
eral hundred. Commonly a class consists of a group of students meeting at a 
certain time in a certain place to study a certain subject. While there is much 
talk about the "average class size," this is practically a mythical statistic be- 
cause the teacher rarely meets an average-sized class. He meets anywhere from 
} to 80 children, but usually from 20 to 30. Brown? reports that in 1956 the 
average class size in biology was 28; in chemistry, 23; and in physics, 20. In 
smaller towns and cities class sizes generally are from 15 to 25, while in large 
cities they are commonly from 20 to 40. 

A class once organized becomes a “captive audience,” for the students 
remain with the same teacher throughout a term or a year. The teacher is 
a “captive” too. He and this particular group of children have come together 
because they “elected” this subject and had programs with this period open. 
And here they are. 

Inasmuch as a teacher does teach a class, and most teachers have five 
classes daily, what becomes of the individualization of instruction which is 
considered so important? Is it abandoned? Hardly. Such individualization is 
to be sought both within the class sessions and after class. Much of what 
follows in this volume deals with the individualization of learning and of the 
instruction which induces learning. A teacher is much like the public health 
officer who is concerned with the health of the community, but knows that 
the “health of the community” is only a symbol for the total health of the 
separate individuals. 

Here let us consider a class as one group of students among many possible 
groups. The pupils may be heterogeneously grouped or somewhat homogene- 
ously grouped on some basis. As we consider the different types of classes 
possible, we shall see how a science program, a pattern of classes and instruc- 
tion, may be fashioned in a modern school for a modern society. 


The organization and personality of classes 


A “typical” class. Actually there is no such thing as a "typical" class. 
Groups of children vary with the community, with the school, with the sub- 
ject, or with the variety of subjects offered by the school. Nevertheless, when 
teachers speak of a “typical” class, they mean a heterogeneous group of stu- 
dents varying in intelligence, in sey, in goals, in achievement, and in behavior, 
but still similar in many ways. Usually they are within a few years of each 
other in age; generally they come from homes within much the same socio- 
economic range; they live in the same community; and, of course, they are 





4 Kenneth E. Brown, Offerings and Enrollments in Science and Mathematics in Public 
High Schools, 1936, Office of Education Pamphlet 120, U. S. Government. Printing Office, 
Washington, D. C., 1957. 
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enrolled in the same subject Usually they have much the same scholastic 
experience behind them Certainly they are distinct personalities, yet they 
share many common social goals and aspirations: hese will be discussed under 
Developmental Tasks (p. 87). Usually a “typical” class shapes up much like 
the tenth-grade biology class described in Table 3-1, . 

Notice the various ranges: IQ scores from 83 to 158, reading scores from 
65 to 120, anthmetic scores from 6 to 12, scholastic averages from 57% 
to 95% 





TABLE 3-1 A typical class 
Le e e Ó—À 





1Q Reading  Anthmetie Scholastic 
Student Age score score score average 
n n 7 101 na 75 
2 m 106 98 - 70 
sr n 105 37 83 65 
m 15 109 70 103 65 
5r n us 92 109 85 
et 15 109 101 106 65 
r 15 ut uo na 92 
sr n ns 86 "1 T" 
ot M 131 101 na at 
WM, 5 106 89 109 79 
n u ns no 103 95 
12r 16 . 356 n ae 
ur 15 105 7i 100 67 
HM 15 9 ay Hy 
IBF In ns u2 n5 7 
5 B 109 92 We 78 
YM 5 106 28 o B 
asr 15 90 23 Uu = 
19v n 1 93 118 80 
B z al 73 79 85 
mr 15 E no 8 85 
2M n 90 Ba 88 "m 
23M n 128 101 103 85 
N " ate 95 109 82 
P4 M 196 12 72 8$ 
wr p nsi 80 102 E 
E 15 m E: i3 » 
5 B 1 120 n2 80 
i. 5 us 108 108 16 
p B 148 120 ns - 87 
E 15 ML 80 93 68 
SM 15 os ae a i 
EA H Ht a9 100 T 
hr B L 1 56 57 
Sr " res ns 121 9 
a 187 no 94 83 


* Recent European immigrant for whom 1Q and 
gi Fnglish reading test scores are not significant. 
i me score of 94 on the arithmetic tet which required Jess facility with the Foghsh 


TT a 
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Here they are, and the teacher is expected to interest continually each 
and every student in the class. He is expected to establish and maintain rap- 
port. Certainly he is expected to have few discipline problems and to deal 
wisely with those that do occur. 

How can these things be done? Many possibilities will be described in 
the following chapters where we shall develop the nature of experience in 
science. We shall see that a “heterogeneous” group is actually homogeneous in 
many significant aspects. Also, we shall discover that 2 “homogencous” group 
3s itself markedly heterogeneous. But before we consider the commitment of 
the teacher to the class and to the individuals within it, let us examine other 
classes known as "homogeneous groups." * 

Suppose that by administrative decision we organized groups that were 
more homogeneous so that they might be encompassed more easily within a 
teacher's skillful plan and purpose. Suppose we were to organize science 
classes on the basis of: 


Scholastic achievement and promise 
Ultimate vocational interests 
General, or even momentary, interests 


Perhaps we would end up with groups like the following. 
A class of science-shy students. Let us focus our attention on five students 
selected from the class described in Table 3.1. 


10. Reading Arithmetic — Scholastic 
Student Age score score score average 

oF u 131 104 m1 at 
2M Hu 90 28 88 6t 
21r 15 158 no ns s 

iF 15 LEL "o uad 92 
ASF 16 {nou es Qu {85} 

English) 


Further work showed that the first three students were science shy and 
the last two, science prone (see Chapter 8, The Science Shy, and Chapter 9, 
The Science Prone). The first three were science shy for three different reasons. 
(There are, of course, many other reasons; this is a very small sample.) The 
first (OF) was science shy, in spite of high 1.Q. and good reading and arithmetic 
scores, because she was committed elsewhere—to music. Her grades in science 
varied from 60 to 70; she disliked science and did very little work in it (both 
tause and result of her dislike); she spent most of her time practicing the 
piano. Her highest grades were mainly in art, homemaking, and English; 
she eschewed mathematics. 

The second did not do well in science, although he liked it, for he was 
2 slow learner, He was science shy for another reason: understanding science 
well requires a good mental equipment. He tried hard, howeser, worked to 
capacity, and passed the course. {See Chapter 19, Appraising the Student: A 


General Approach to Evaluation.) 


The third student did not do well in science for yet another reason; in 
fact, she dropped science after the ninth grade. Hers were religious «rupes 
her parents were almost fanatic in their fundamentalism. Her high schoo 
career was marked with difficultics whereser discussions in class (history, 
English, science) brought up differences in interpretation, . 

"The next two students were science prone. “FF” became very muth inter- 
ested in science, began to do project work, and entered a class in advanced 
science (mainly individual work) Curtously enough, retesting showed her 
Teading score to be 16 plus and her mathematics score, 12 plas. 

And our fifth student, when she overcame her difficulties in understand 
ing English (she spoke German) raved her reading and arithmetic scores to 
15 and 12 plus, respectively, and her 1Q score to 127. She went on to tate 
further science, improving her English progressively; she liked mathematica 
and made it her life work She is now working with digital computers. 

Our students are science shy for different reasons. But we cannot ignore 
the fact that most are scicnce shy because they do not have the mental equip 
ment. 

If we take the lowest six or seven students from the "typical" class de 
scribed in Table 3-1 and add to them some 15 to 18 others with similar char 
acteristics, we have a class (Table 32) of “slow learners." These are science 
shy, then, through reasons of mental equipment; they present certain prob- 
lems in teaching (see Chapter 8, The Science Shy). The group is somewhat 
homogeneous, for all the pupils are tow achievers in academic studies. With 
them instructian proceeds slowly; remedial work in reading and arithmetic is 
emphasized, the group is not college bound. 

In one school such a class was organized in general science. Table $2 
shows the basis for selection for this class of the science shy: LQ. score, read 
ing score, arithmetic score, and scholastic average. Although there is variation 
between the scores on the various criteria, general agreement is evident. These 
nintl-grade pupils with low LQ, scores average about two years below their 
nir oed grade level in reading and arithmetic. Jt is hardly surprising to find 
that their scholastic averages have been low, ‘They were competing, after all, 
with all the children who excelled them in ability. Most teachers, confronted 


scores show that, gwen prope 
testing, these pupils could an 

Many science teachers w 
class was the place in whic 


T Opportumity, realistic teaching, and realistic 
d did improve their accomplishments. 

auld be troubled at the thought that a science 
h to do basic remedial instruction, ("Science is 
o be met. Yet what more enticing subject matter 
to involve students to the best of their abilities? 
accomplishments was low in this class of science 


than science could be used 
While the level of scientific 


62 PATTERNS IN TEACHING science ~~ 


TABLE 3-2 A class of the "science shy" * 
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10. Reading Arithmetic 
Student score score score 
IM 81 Uu 48 
2M o 65 58 
sF 85 73 1 
4F 83 75 94 
5F 85 7.0 94 
6M 85 69 64 
7M 72 63 44 
8F 9 7A 22 
9M 8$ 68 77 
10F 19 46 
MF 87 a7 64 
12M 87 72 43 
15M 101 67 93 
uM 88 58 66 
1SF 8t 69 52 
16M 85 70 91 
n 7" 70 50 
18F 86 71 66 
19M 80 56 M 
20M 82 64 71 
71M 99 65 $T 
22F 87 75 79 
23M. 85 72 60 
NF 82 6t 83 
25F 25 61 64 
26F 89 74 
2F ot 94 56 
28F 87 70 72 
29M 89 59 58 
30F 85 68 91 
nF 15 52 62 


* Average age. 155 years; scholastic average, generally 65 and below. 





shy students, the gains in the basic skills and in self-respect were considerable. 
For this group of students, was the loss greater than the gain? 

The “special interest” class. Sometimes classes are organized not on the 
basis of ability or achievement, but on the basis of special interest. For in- 
stance, a class in photography, or radio, or auto mechanics may be organized. 
Since these classes have a content clearly expressed in the title, we would 
expect those who elect them to be an active, interested audience, and to have 
had some previous study in science. Such special interest classes are fairly 
common throughout the country. 

The advanced science class. The “advanced science" group is one kind of 
special interest class. There, the common element is a desire to make science 
a vocation. Experience at Forest Hills High School, New York (now enroll- 
ing 4,500 students), shows that the problems of teaching such a group are dif- 
ferent from those in standard courses. Consider Table 3-3, which describes in 


TABLE 3-3 An advanced science class 
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1Q Readmg — Arithmetic Scholastic 
score score averag 
Student Age score 
120 $52 
IM u ui us 974 
P n 18 [i Mo 932 
sF 16 p 36 120+ 918 
"M H Mu? t we $5 
oF uH 13s 133 eee ns 
6M 15 1239 23 1204 912 
1E 15 136 E sot 902 
ar 15 130 MO 320% E 
9M t5 138 137 30 982 
lor 15 154 166 1 7 
13h ns 120 97. 
nM 15 1664 912 
12V. u 154 120+ 96 
1M 15 us 134 2 5 
160 120 9t 
nr 5 129 ae 
t 16 132 170+ 10.3 
à i 120 934 
16M 16 136 182 z0 D 
rM 15 127 n2 120+ ne 
TM 16 135 155 120 oe 
19r 15 M6 m 120 a 
20r 15 ns 166 120 i 
air 5 ut 166 120 si 
RF 15 146 166+ 120+ ‘ 
29V. 16 125, 125 120+ e 1 
?IM 15 136 155 120 : 
BM 16 109 125 120 or 
20. 16 12 ast 120+ 9i i 
mr % Mg 160 120 sa 
28F 15 133 Ist 1204 55 
29F 6 m 108 2 918 
ar M 155 155 120 950 
SIF 16 159 180 120 918 
32M 15 12 139 120 924 
SN 16 127 iss ese 934 
MF 16 139 124 120 924 
sT 15 140 "2 120 936 
36M 16 us 130 120 918 
37M 15 m 138 120 934 
38M. 17 121 104 120+ n8 


* This arithmetic test score of 89 19 surprising, on a 
this boy did very well an algebra, trigonometry, 


Tetest he scored 7.0' Yet in high schoo! 
allow exact predictions of what children can do 


and calculus, Test scores do not always 
when given opportuni 





part the caliber of the pupils who electe 
science class? 


These students are quick learners with high reading scores, 
matics and IQ. scores, and high motivation. 


ently from the average or the vocationally unco: 





idance, such an advanced 
high mathe- 


They must be taught differ- 
mmitted students (see Chapter 
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9). In the advanced science class the students work on small research problems, 
What they can do is exemplified by a report summar) which follows.? In such 
a class where the students try to behave like scientists, attitudes are markedly 
different, purposes are clear, and energies are well organized. Similar descrip- 
tions have been reported from and observed in other schools which provide 
opportunities for the most promising students to explore through their own 
“sciencing.” 
AN ULTRAVIOLET PHOTOSENSITIZATION {N 


PARA AMINOBENZOIC ACID AND PANTOTHENIC ACID 
FED TO Tribohum confusum 


I had read that when mice were fed buckwheat and were placed in a strong 
light they died, while mice lacking either the light, the buckwheat, or both, 
thrived. Lacking mice, I ied to duplicate the results on insects. I worked with the 
confused flour beetle, Tribolium confusum. 

‘The effect in mice can be duplicated on the flour beetle. I am reasonably cer- 
tain that: 

1. The ultraviolet rays of the light, acting with an agent (or agents) in the 
buckwheat, seem to cause the reaction known as a photosensitization. 

2 When pantothenic of para-aminobenzoic acids (in a concentration of 5 
per cent and higher) are added to the diet of the flour beetle, the photosensitizing 
effect does not occur. 

It may be that the photosensitizing reactions are caused by the conversion 
of either (or both) pantothenic acid or p-AB, both of which are needed by the 
cells to synthesize anu-metabolitic structural analogues. The cells seize upon 
these structutal analogues but cannot utilize them; the cells thus suffer from 2 
deficiency of these vitamins. Death may be the result. 


Report. 1,500 words, diagrams 
Michael Fried, Senior 
Forest Hills High School 


“Special classes” after school. Strangely enough, when radio, photog- 
raphy, or electronics is taught during school hours it is called a class and 
credit is given. But when the group meets after school, it is called a club and 
no credit is given; only pleasure is expected. Throughout the country there 
are many such voluntary groups meeting as “special interest” units or clubs, 
Actually they are classes meeting after school hours. Many suggestions for 
organizing such groups and sources of activities and materials for them are 
listed in the Sponsors Handbook, Science Clubs of America.* Such clubs, to 
Mist but a few samples, may be known as: Tropical Fish Club, Engineering 
Club, Research, Photography, Electronics, Radio, Audio-Visual, Chemists, 
Biologists, and so forth. Such a club is actually a class homogenized not by 
1.Q., achievement scores, age, or grade, but by common interest. And there 
may be only one student in such a "class." 





à For other examples of research problems and reports see the accompanying volumes 
Morhoh, Brandwem, and Joseph, 4 Sourcebook for the Biological Sciences, and Joseph 
Brandwein, and Merpolt, 4 Sourcebook for the Physical Saences. 

* Saence Service, 1719 N. St, N.W., Washington 6, D. C. 
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The class within its pattern 


When you consider all the types of classes—typical, slow, special inte 
extracurricular—you can see the rich possibilities in the science pi ih x 
Indeed the term "class" considered apart from ats members and its pl 

the school program has little meamng, Ve 

d How fuer of classes and clubs have been fitted together ie Pm 
single pattern of science instruction for varied students in one larg d f 
school is indicated m Table 3-4. This pattern evolved slowly over a per ai 
ten years under a sympathetic administration which was not afraid né 
thoughtful, responsible teachers test out possibilities that seemed promi sie 
This program now fits the varied. needs and. interests of the children 
large heterogeneous school population E . 

Ag he uc clone oe four trach curriculum shown is examined, 
it wall be seen that it is not useful to think of a class, or of a course of stu i 
or of a student in a course of study, unless the course and the student p 
identified within a pattern. Obviously only schools with enrollments of 25 : 
to 3,000 students could offer such a wide pattern of courses; after we examin 
the significance of each of the tracks shown. here, we can consider what varieties 
of patterning are practical in smaller schools. g ied 

Track 2—the normal track. The "normal track," number 2, is compris : 
of courses in general science, biology, physics, and chemistry. The cone 
of these courses are what “normally” go by these names. The details of ead 
Course are described in Section III, Inventions in Science Courses, Chapters 
12 through 15, These courses are of the type generally known as pellets 
preparatory"—a misnomer, as we shall sce, As is expected, students successful 


TABLE 3-4 Multi-track science. Program in a large high school 
Grade 9- One yeor of general science for all. 

Grodes 10, 11, 12, Students elect, with guidance, 
students who elect Track 3 may or moy not toke 
from one track to another of any point. There is o 


from the four tratks below. (Note that” 
Track 4 concurrentfy) Students may switch 
Iso on extracurricular program for all students. 
Track 1: For non- 
mathematically 
minded students 


Track 2. For major- 
ity of students: “nor. 


mal” with passing 
mark in algebra 


Track 3: For mathe- Track 4: “Advanced 
matically minded science” 

Students; for those 

who want to be 





scientists 
Biology Biology Biology honor Work on inde- 
Physical science * Physics. Physics honor pendent research 
Earth science ¢ Chemistry Chemistry honor problems; teachers 
(Each course is given available for oun 
intense mathematı- seling, can be tal the 
eal treatment, as far in any or all of 
as the calculus) three grades. 


* Selected aspects of chemists 


and physics encountered in daily hf 
tEarth sence may be elected stead ot os ered in daily Me 


id of. or in addition to, physical science. 
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in these courses are also successful on standardized examinations, both state 
and private. Students elect these courses for a variety of reasons. Most of them 
do not consider science as an area of special personal interest or vocational 
activity. They elect science maínly because a certain number of science courses 
arc required for graduation or for college entrance; or because "everyone takes 
science" in this school; or because it is not too uninteresting, and it may be 
interesting: or because it may also be the lesser of all the “evils” among the 
courses open to them. 

In these standard courses students are heterogeneously grouped. Those 
who do well are usually in the group who will graduate from high school. 
Generally they will be able to obtain a satisfactory grade (C or better) in 
algebra. 

Track 1. Track 1 consists of courses for youngsters with low reading scores 
and low arithmetic scores. These are the low achievers, “slow learners,” 
science shy, who are not likely to be college bound. Nevertheless they will 
vote, pay taxes, defend their country, and play a part in their communities 
by making decisions involving science in such areas as sanitation, health, 
civil defense, child raising, school programs, and so on, Their experience 
with science will also help them live in a world in which science and the fruits 
of science are increasingly abundant. These students will not be scientists, 
engineers, or skilled technicians, but they will live in a world of "experts" 
and should develop some sympathy for the activities and responsibilities of 
these experts. 

Track 3. This is the high-speed road. All courses in it are given full mathe- 
matical treatment and often deal, in specific instances, with college Jevel mate- 
rial. The students, in choosing this track, have grouped themselves homogene- 
ously to the extent that they anticipate making scientific work their vocation 
(or, at least, are interested enough to want to study science in detail). As 
prerequisites to admission into this program at the tenth grade, students 
ate expected to have had, in the ninth grade, a minimum grade of B (8377 
in. mathematics, 2 reading test score of 16.0, and a mathematics test score of 
12.0. Table 3-3 shows that some promising children with slightly lower scores 
may be admitted to test their abilities in this fast-moving class. What is im- 
portant in such an admission is the child—his determination to live a scholar’s 
life, as well as his test scores, The techniques of teaching such a group are 
discussed in Chapter 9, The Science Prone. This group is expected to enter 
college. 

Trock 4. This track is rum concurrently with Track 3, but students in 
‘Track 3 are not obliged in addition to choose Track 4. This Track 4 offers a 

three year program designed to give promising youngsters an opportunity to 
do simple "research" in science. As the students have expressed an interest 
in becoming research scientists, Track 4, known as advanced science, provides 
them an opportunity to try their wings at real research. On page 65 and 
in Chapter 9 the type of research such students have done is described. 
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such schools and spends two full days successively in each school; in each two- 
day session he assigns work which is then answered when he next rotates to 
the school. 

One small school, like many others, has been able to offer a full program 
of science courses by alternating teachers and courses in this way: 

Teacher A is responsible for the early years of mathematics, and for general 
science and biology. Teacher B is responsible for the later years of mathe- 
matics, chemistry, and physics offered in alternate years. 

Both teachers alternate in meeting with a biweekly science club in which 
the students do independent research and reading. Alternating with this bi- 
weekly club is a tutoring session which permits the more competent students 
to assist those who have asked for aid. Students who must use school buses can 
be tutored at the lunch period or during a study period. 


This brief sketch of varied courses in schools of different sizes shows that 
the words "biology," "chemistry," "physics," or other course labels have little 
meaning unless the particular course is seen within the total curricular pattern. 
For instance, the course titled biology in Track 1, Table 3-4, differs from 
biology in Track 2, which in turn differs from biology in Tracks 3 and 4. The 
instruction varíes in both substance and manner according to the student popu- 
lation in the classes. To say "class in biology" means little unless the students, 
purposes, curriculum, and methods of teaching are clearly described, 

If the subject matter and procedures differ within courses known as “biol- 
ogy," as well as among biology compared to physics, chemistry, and general 
science, is there any common denominator among the science courses or any 
advantage to using the same course labels for classes in different schools, in 
different towns and cities? What do teachers of these different classes and sub- 
jects have in common? 

AN of these teachers hase much in common. Each is concerned that his 
classes Icam considerable scientific information, form concepts, and practice 
“sciencing” to the best of their ability. The important ingredients which give 
continuity and coherence to these varied components of the school's science 
program are: 

1. The processes (organizing and predicting, sifting and confirming) which 
are basic to scientific study irrespective of the particular subject material em- 
ployed or the level of accomplishment attained by individual children. 

2. The product of these processes, the concepts which give children an idea 
of the way this world works. 


A short excursion into developing 
one’s own pattern in science classes 


3-1, What is the pattern of science classes in your own school? If you are not 
yet teaching. perhaps you can remember t the high school you attended, and 
consider it in the light of these questior ud 

* > ae 


(2) Does it enable all students to take the same courses? Or does it enable 
homogeneous grouping? . i . 

(b) If the latter, is there homogeneous grouping of science shy, or science 
prone? IE not, are the reasons valid? 


(c) Are there any special groups like clubs, for instance? How are the 
special interests of students met? 


(d) What is done for the individual (or individuals) who wants to be 2 
scientist? 


(©) Is there an opportunity in science for all the students in your school? 


3-2. What varieties of pattern in science classes exist in your town, city, oF 
state? Have you the courses of study developed by your State Department of 
Education? These often indicate the pattern of courses found successful in 
your state. (Also this is valuable information to have if you are a member of 
a school committee engaged in the determination of successful practices.) 


3-3, What “experimental” vanation in organization of science classes has ot- 
curred 1n your school (or in the high schoo! you attended) in the past? Some 
times very successful Practices are set aside for the moment, and then not re 


sumed. A study of these will help you develop useful tactics and strategy in 
revising your science class pattern, 


3-4. Why not write the Science Specialist, U. S. Office of Education, Depart 


ment of Health, Education and Welfare, Washington, D. C., for information 
on recent studies in science? Periodically, the office reviews the pattern of 
science offerings in the United States. We 


have listed the most recent report 
on p. 59 in this chapter. 


3-5. Why not write your own university staff or the staff of your own State 
Department of Education? 


3-8. And, of course, if you think we may be of service in helping you organize, 
revise, or develop a “ 


€ new” pattern of science classes, or in another way, Why 
not write to us? 
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Patterns in teaching science: 


Science teachers 


A note at the beginning: Ah, the good old days. Claude Coleman gives us one 
reminder? of some of these “good old days.” He records 
the account of a “teacher” who had taught for fifty-one 
years; during this tenure his services included “911,527 
blows with a cane; 124,010 with a rod; 20,989 with a ruler; 
136,715 with the hand; 10,295 over the mouth; 7,905 boxes 
on the ear; 1,115,800 slaps on the head . . .” One can guess 
at this "teacher's" pattern. 

Teaching is a personal invention and every teacher has 
his own pattern, But there are different kinds of inventions 
and patterns. In this chapter we are concerned with three 
general types, each with a distinctive favor. These center 
around three identifiable approaches in the process of 
teaching. 


Three patterns 


As one observes teaching throughout the country (and we have observed 
hundreds of excellent teachers, and unfortunately many poor ones), one is 
forced to look at the teaching process in the public school in historical, perhaps 
even eyolutionary, perspective. An observer becomes conscious that perhaps 
schools, and the teaching processes practiced in them, exhibit an evolutionary 
sequence and that different schools are at difference stages of evolutionary 
Aie tlopment. 

We sce the teaching process developing toward a recognizable goal: the 
introduction into school and classroom of methods and procedures which are 
the applied results of half a century of research in the psychology of learning. 
Where teaching procedures of an individual teacher or school ignore what has 
been learned from research and observations on effective teaching, the more 





3 Claude Coleman, "Tbe Hickory Stich.” Baletin, American dnocation of Unmwernly 
Profersers, 34, 457, 1953. 
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primitive stage of the evolutionary process toward effective teaching exists 
"rhe direction of this process is from authoritarian teaching, with the objec: 
uve of transmitting the knowledges, skills, and attitudes derived from a tradi- 
conal subject-matter oriented curriculum in which success is measured in 
terms of grades, toward a type of teaching which is the cause, as well as the 
result, of mature planning among teachers, children, parents, and adminis 
trators m a continuous attempt to improve teaching and learning. In the 
latter case the curriculum is planned cooperatively by teachers and supervisors, 
sometimes with parental assistance, units and lessons are planned coopera 
tively by teachers and students. Growth of teachers and students, and of the 
community, is the objective. One thing must be made clear: at least as much 
subject matter is learned with the latter approach, when it is practiced with 
skill. (See pages 7882 for testimony, if not evidence.) This approach begins 
with the needs and interests of all concerned (students, teachers, and the 
members of the community) in the learning process, whereas the former con- 
siders a temporary recollection of facts as the major hallmark of educated 
men and women. 

A caution and a generalization: We presently know of no one way of 
teaching, no one curriculum, no one philosophy which fits all classroom situa- 
tions, all communities, all subject areas, all teachers. Research to date yields 
no one method applicable to the teaching scene generally. Teaching is essen- 
tally an art based upon the psychological results available. Above all else, 


the teacher is a responsible human being in a situation rife with buman 
aspiration, 


A pattern of domination (Mr. A.) 


Mr. A. was considered a good teacher of chemistry in the school where 
he taught His students generally scored well on the state's standard exami- 
nation, in fact, they were among the highest scorers. He rarely had discipline 
problems. Although he never volunteered, or undertook on his initiative, 
the supervision of a science club, no one really minded, because “he did his 
job." And in the large high school where he taught chemistry there were 
others who took on the extracutricular Activities. 

When he spoke at faculty meetings, he would sometimes say, “Unless 


you give daily homework, you can't expect results. These students don't work 
the way we did.” 


And in department meetings, 
he would say, 


them” 


s when problems of discipline were discussed, 
I never have any trouble; my students do exactly as T tell 


As a matter of fact they did. One day when Mr. A. was absent another 
teacher ined to teach the class. He manipulated a problem in chemistry 
(weight-weight) in such a way that the students could not use the approach 
they had been taught by Mr, A. In effect the students told the teacher, "Mr. 
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A, never taught it to us this way. He wants us to do the problems in these 
steps. We are marked off if we don't do them his way." * 

What these students were saying was, in essence, that they were becoming 
set in their ways of solving chemistry problems. They were being forced to 
follow one routine, which was presented to them ready-made. Instead of 
thinking through each new situation, they expected it to be like the last 
standard example (and it was; Mr. A. saw to that), and reacted to it in the 
same way. This is “stimulus-response” psychology carried to a ridiculous 
extreme. By demanding the practice of his routine, clever as it may have 
been, Mr. A. was reducing readiness to think, reducing readiness to reason. 
His students were discouraged, even prohibited from attempting to seek con- 
tepts through creative problem solving. 

These were students carefully being “prepared” for college entrance 
examinations. The reports from far too many college teachers are that such 
students were hardly being "prepared" for collegiate study. Otherwise, why 
would so many collegiate instructors assert that they would rather (jes, 
rather!) have students who had not studied the subject, say chemistry, in high 
school? This is a devastating remark to make. It is almost the maximum in 
sult to high school teachers; for have they not spent their lives "preparing" 
students for these very college courses? Surely something is basically wrong. 

In an effort to explore this serious assertion, one of us has proposed a 
hypothesis which many of the critical college teachers say is essentially what 
they observe and what provokes their unkind remarks. It runs like this: 

The entering college freshman believes he knows something about a sub- 
Jt because he has "had" a course in it. Actually he has a speaking acquaint- 
anceship with some information and 2 recall of some generalizations. How- 
ever, this exposure has covered too many separate topics: it is woefully “thin” 
everywhere. "The student does not know how any of the generalizations were 
Ueveloped: he does not know where they apply: and, more serious, he does 
not know where they do not apply. He is very proud to write “H,O” in place 
of “water” and never knows that H,O, the real pure chemical, is a rarity even 
in collegiate laboratories, He knows that PF = k, but he does not know that 
this is a theoretical notion applying only to an “ideal gas" and only when the 
temperature is held constant. He docs not know that most gases will condense 
toa liquid when the pressure is raised to a few hundred atmospheres. He has 
not solved problems; he has only done them. He has not attained, or formed, 
concepts: he usally repeats what he has memorized. Later, in college, he 
is obliged to “unlearn” or “relearn” what he proudly believe hc 1nows, 
before a more analytical and. realistic study of the subject can. be. presented, 
that is, before he truly attains the concept. He is too ignorant to tealize how 





2 This remark alnas reminds us of twa sery interesting studies A.S Luchins, Werhani- 
tation of Problem Sohing-The Ffect ef Firitellung. Pyycbologxal Monographs, Vol. 54, 
Na. 213, 1912, and Fiy, M. Schrader and J R Rotter, “Rigidity as learned Behavior.” Jour- 
mal of Experimental Prychology, 44, Sept. 1952. p. Ul. 
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primitive stage of the evolutionary process toward effective aeons a 
‘The direction of this process 1s from authoritarian teaching, with the ol je 
uve of transmitting the knowledges, skills, and attitudes derived from a tradi- 
tional subyect-matter oriented curriculum in which success is measured S: 
terms of grades, toward a type of teaching which is the cause, as well as the 
result, of mature planning among teachers, children, parents, and adminis- 
trators m a continuous attempt to improve teaching and learning. In the 
latter case the curriculum is planned cooperatively by teachers and supervisors, 
sometimes with parental assistance, units and lessons are planned coopera” 
uvely by teachers and students Growth of teachers and students, and of the 
community, is the objective. One thing must be made clear: at least as much 
subject matter is learned with the latter approach, when it is practiced with 
skill, (See pages 7882 for testimony, if not evidence.) This approach begins 
with the needs and interests of all concerned (students, teachers, and the 
members of the community) in the learning process, whereas the former con 
siders a temporary recollection of facts as the major hallmark of educated 
men and women, 

A caution and a generalization: We presently know of no one way of 
teaching, no one curriculum, no one philosophy which fits all classroom sinum 
tions, all communities, all subject areas, all teachers. Research to date yields 
no one method applicable to the teaching scene generally. Teaching is essen- 
tially an art based upon the psychological results available. Above all else, 


the teacher 1s a responsible human being in a situation rife with human 
aspiration 


A patlern of domination (Mr. A.) 


Mr. A. was considered a good teacher of chemistry in the school where 
he taught His students generally scored. well on the state's standard exami- 
nation; in fact, they were among the highest scorers He rarely had discipline 
problems. Although he never volunteered, or undertook on his initiative, 
the superviston of a science club, no one really minded, because "he did his 
job.” And in the large high school where he taught chemistry there wert 
others who took on the extracurricular activities, 


When he spoke at faculty meetings, he would sometimes say, “Unless 
you give daily homework, 


you can’t expect results. These students don't work 
the way we did.” 


And in department meetings, when problems of discipline were discussed, 
he would say, 


: “I never have any trouble; my students do exactly as I tell 
them” 


As a matter of fact they did. One day when Mr, A. was absent another 
teacher tried to teach the class. He manipulated a problem in chemistry 
(weight weight) in such a way that the students could not use the approach 
they had been taught by Mr A In effect the students told the teacher, “Mt. 
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of each laboratory period (held once a week) to be certain the students knew 
how to set up the equipment and what results to expect. Furthermore, Mr. A. 
introduced each topic, e.g., Oxygen, Solutions, Hydrochloric Acid, Halogens, 
Bases, Earth Metals, etc., with a lecture-demonstration. 

Students had little to complain about. They had elected chemistry. They 
were taught chemistry. If they did their work, they “passed”; if they didn’t, 
they “failed.” Grades were given as a strict mathematical average on the basis 
of Mr. A.’s tests. Mr. A.'s students always did well in the examinations which 
the school gave. They did not generally gather about him after class, or after 
the course was over. They were polite to him, however, and he was polite to 
them, 

‘They learned chemistry; he taught chemistry. 


To the reader: Turn now to the list of characteristics in the teaching process 
on page $1. Check those factors which characterize Mr. A.’s approach. Or, if 
you wish, wart until you have examined the patterns of Mr. M. and Mr. P. 


A pattern of the laissez-faire (Mr. M.) 


Mr. M. was quite young. As a student he had become dissatisfied with the 
rigid patterns of the teachers in a “college-oriented” school he had attended. 
As he used to tell it: 

What they did was as predictable as the rising and setting of the sun. A 
lecture was given for 30 minutes, then, questions were asked for 20 minutes on 
the previous day's work. Everyone knew what the lecture was to be; it followed 
the text and references (college freshman texts) pretty much. 

The questions were predictable, they covered the readings assigned. If you 
memorized fairly well, you were certain of a good grade. If you didn't recite 
well, the instructor usually reminded you that you wouldn't do well on the 
College Board Examinations. I was bored, and so were most of the other 
students, 


As a student teacher, Mr. M. had observed not only a high school teacher 
in science, but an elementary school teacher as well. He observed how the 
latter apparently let children do much as they pleased, yet they seemed to 
learn very well, (Fle wasn’t experienced enough, as we shall see, to note that 
she knew the children very well and planned very carefully.) 

He had read widely and was much impressed by what he considered pro- 
Bressive education: to wit, emphasis on the growth of children, not primarily 
on subject matter, He determined to try a version of his own in science; and 
be dii so, in genera) science.* Xe Berermined, in short, 10 3et children plan 
the course pretty much on their own. He determined to exert very little con- 
trol. After all, he thought, there were no College Boards in general science. 

The result was not what he had expected. 

He began (the very first time he met them) by asking his students enrolled 
in ninth grade science, “What do you want to do this term?” He impressed on 


¥In a Midwestern city school, population 2,100 students 
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little he knows. He has been trained to jump through a certain set nee 
but unfortunately in the real world, and even = colle: jumping 
icular hoops is not considered especially important. 

e T e an hete is that eck anal luc many colleagues thought that 
they were "doing their job." but they never tried to analyze what eee 
was. They have the Knowledge, the intelligence, and the inherent abil ps n 
bring children to self-controllcd learning, but this never scemed importai 

em. " 
* Mr, A. would never have thought of it this way; he would have rejected 
any suggestion that he wasn't teaching students how to reason. In fact, w 
believed that hard work in learning rewlted in improved thinking 
harder the better. Mr, A. believed firmly that science develops logical thought. 
He was not interested in the fact that, more than a quarter of a century ago 
the appealing assumptions of faculty psychology had been discredited a 
perimentally, In fact, he used to say that psychology was not a XH M 
“quackery.” What he had to say about educational psychology would ni 
bear repeating. 

Mr. A. operated on schedules. 1 

plete schedule posted on the bull 





lis work was laid out carefully in a com- 
letin board, He covered the entire course of 
study; he did not tarry for the slow nor hurry for the fast. When, year after 
year, the slow fell far behind, they were admonished to “work harder. IM 
abler students were admonished to “work for perfection”: 10 memorize i 
memorize until they knew 100% of 100% of the course. Enrichment an 
acceleration, Mr. A. maintained, could wait for college, which was the place 
for it anyway, 

And the exams! Every three days, a short ten minute quiz; every week 


(Friday), a full period quiz. Every four weeks, a monthly quiz. ‘The quizes 
were mainly of the short answer form with many problems and were always 
concerned with chemical details: 


“Describe the Solvay process using equations only.” 
“Balance the fotlo 


wing ten equations,” n 
"What volume of bromine Will be prepared if 200 grams of sodium 
bromide are used?" 


And the entire problem was Wrong if it wasn't done to two decimal 
places. 


If one visited Mr, A. when he was not conducting a quiz, one could set 
the students at work, ‘Yesterday's lesson had ended with an assignment, usually 
of this sort: 


“For tomorrow, Chapter 21. Do all the 


Next day for twenty minutes, students “ere sent to the board to answer 
the questions and problems, 


For a few minutes Mr. A. answered questions 
about the chapter. When he found, through the questions students failed to 
answer, that they did not understand a chemical process, he gave a brief lec 
ture demonstration, In addition, demonstrations were done at the beginning 


questions and problems.” 
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We want to take pictures. Can you get us film? We'll bring the camera. 
(Mr. M. did break the red tape to get a special budget for his class.) 


As the work went on, Mr. M. began to see things he wouldn't have ac- 
cepted until he had tried his way; some he noted to his dismay, some to his 
elation, while others just baffled him. What he saw, or consciously recognized, 
he stated in the report he made to his chairman, Here is a partial list excerpted 
from that report: 


Some good things happened. 

a E really think the kids learned to work together (although I really can't 
know whether that was the result of the method I used-no experimental control). 

b The best students learned a good deal. When reports were made they 
Listened carefully, they asked questions, they read further. So they did pretty 
well on the exams. The exams were fair; 1 saw to it that they covered the work 
done rather well. 

€ The kids learned to report, even some dull ones talked up. 

d. 1 really believe some of the best were stimulated to go on to science 
because they had a good deal of freedom. 


Most things, I would say, were negative or indifferently poor: 

a. A few kids took over, in each committee there was usually one. 

b. Not all kids worked equally hard, about one third of the class loafed. 

c. After three weeks of work this way most kids were pretty bored. 

d. When they gave reports (after three weeks of activity, the first group on 
“Astronomy” gaye an encyclopedic report running for ten days) most kids were 
pretty boring: they read their reports, used few visual aids, and didn’t speak up. 
In short, they just weren't teachers. I don't know why I expected them to be. 

€. The poorest students were just left out. 

f. In reporting (and in their work generally) most of the kids didn't know 
what weight to give important or unimportant aspects of their work. They 
slighted principles and emphasized details; they used socabularics of unneces 
sary difficulty; they didn’t use the board: etc, 

g Worst of all { began to worry that they had left out some pretty important 
topics, (What of next term?) They hadn't selected “Photosynthesis,” for instance; 
they had mised “Lighting at Home,” “Fire Extinguishers.” ete. 

So in the middle of the term, when a particularly bad two days (very 
boring) had just gone by. when Joan asked worriedly, “How are we going to 
do in our next year's work, Mr. M.? All my other friends are taking different 
topics from those we are,” I suddenly took the bull by the horns and. asked, 
"How would you like me to take over for the rest of the term?” 

I still remember the look of bright relicf on the faces of almost all the 
youngsters. The few who weren't reheved were probably wondering why I 
hadn't done this in the first place. i 


Mr. M, would have saved himself considerable anxiety if he had read the 
famous study of K. Lewin, R. Lippitt, and R. K, White, “Patterns of Aggressive 
Behavior in Experimentally Created Social Climates.” + This study is alo re- 
ported with photography in Goodwin Watson, "What Are the Effects of 2 
Democratic Atmosphere on Children?” * There are many other related studies 





* Journal of Sone! Prehology, 10, Zt, 1959. 
3 Progerince Education, 17, $35, 1910. 
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them that: they could do what they wanted, he was nee only 9 ip then 
they could work in groups, tier m. or 5 a "d the exa! 
y the students owth Mas pandance). 

K s wh graufieb Phe students were of middleclass hene on 
well behaved; besides Mr M wa» pervonable and had a "way" with » ana 

A dass chairman was appoinicd po tempore and the sudenly pra 
suggesting topics for study. Within a lew days they had the following 
the board~each topic ably defended by its protagonists. 


Psychology Why do we behave as we do 


Batany Animals 
Chemistry The Microscope 
Astronomy Television 
Iixcteria and Disease Airplanes 
Satellites Electricity 
Evolution Life on Mars 
Nuclear Energy ‘The Human Body 
Antibiotics Reproduction 
Fish Farming 

Pets 
As Mr. M. tell it: 


1 thought, even if this were hodgepodge, it stdl indicated their eae 

Posubly even there needs, Soon, howeset, 1 wawt so sure; 1 began to en 

that some of them were sngseting topics just to get attention: some ol 

to please me: and some just for the he of t chair 
Nevertheless, E wai going to see it through Besides, my department 

man said, “Go ahew, leva sce what happens" 


The chairman of the tepartment suspected what would happen, but M 
also Lnew that Mr, M, Ind great promise and would learn from shaina 
happened, So he Ilt Mr, M, on his oun toa great extent, although he w 
ready to help if any real “discipline trouble” arose, he 

There were sensible students in the group. They saw that several of the 
topics really belonged together and they argued this well, (Thus “Antibiotics 
‘was placed under 


“Bacteria and Disease” "Life on Mars," under “Astronomy; 
etc) After discussin, 


8 a few “Ruks of Getting Along and Getting Work ei 
the group divided itself into committees (except for the bay whe wanted 
work on “Fish") ard began to nor. 
Lach day, the groups met, workin, 
the room, and an che library when n 
help And students, appoi 
up, asking such questions 
What books ean 
How can we 
When can 
How do you 








f 
in allotted corners and other m i 
ecessary, Mr, M, sat at his desk ready e 
inted as Broup chairmen or self appointed, did com 
as: 
‘we get on glands? 


get Ralph to work? He just sits around, 
€ report to the class? 


sant us to write this up? 
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, to put these into practice in his classroom, He proceeded to do so. Let us say 
at the outset that his students did very well in the examinations; they even 
elected more science in later grades; more than that, a number far in excess 

: of that expected tool to science as a career; and more than that, a good 
number took to Mr. P. as a father-surrogate. 

i When he met his class, Mr. P. began by asking, "If you could have planned 

this course, what would you hase included in it? Or, to put ít another way, 
what would you really like to know? What would you Tike to learn?” 

In the discussion which followed several things happened, most of them 
predictable 

l. Some students began suggesting topics such as these, which were put 
on the board: 


Why do we behave the way we do? 
Why are we like our parents? Why aren't we? 
Life in the past. 


2. Other students began suggesting topics such as these, also put on the 
board: 


Botany 

Zoology 

Digestion 

Anatomy 

Nutrition 

3. Still others, cautious, even prudent, asked, “Don't we have to take the 
state examination?” To which che answer was an unequivocal “yes,” Then: 
“Shouldn't we take the topics which will prepare us for that examination?” 
(And some added, "For the College Boards as well") To this also the answer 
was an unequivocal “yes.” 

The questions and discussion were resolved into a pattern which might 
be stated like this: “What can we do this year which will accomplish three 
purposes: 

1, Ta study those topics which will help us live better lives; things we 
need to know. 

2. To study those topics which will help us do our best in the required 
examinations. 

3. To study thore topics which are interesting (hobbies, projects, ctc.). 
Thoe my even be individual topics such as “Canter in the Sworduail (a 
project done at home).” 

During the next week each topic was discussed by the entire class (and we 
mean discussed?). Its advantages and disadvantages were weighed in the light 
of the amount of class time available, its priority in helping improve the qual- 
ity of living. its usefulness in helping pass examinations (state and College 
Roard), its special interest to a few students. 
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oughtful read 
available.t Perhaps even more valuable would have been a thougl 
ing of any modern text on teaching methods.” 


To the reader: Now Mr. M.'s ex 
expenence of “Mr. Osborne” 
Osborne's experience, 
Mr. M. against our lis 
in the "Excursion" 


perience is noteworthy and very ae n UM 
as reported by Cronbach. IJ you oe " ud 
you may want to check that account, as hea vinis 
t of statements underlying class managemen; 

at the end of this chapter. 


i ii ater 
It would be fine if we could say that Mr, M. developed his End 
into one in which coordination and planning became part vs bis super 
approach. Mr, M., however, did not Ret the best possible help ilke Mr Atk 
visor or from administrators, who apparently wanted a pattern [t teaching 
but believed in a “sink or snim" approach to teachers. Mr. M. lel 


A pattern of the democratically planned (Mr, P.) i 
IE Mr. M. had had appropriate help from his supervisor and ae Td 
ditional training, he might have developed the pattern of Mr. r ires neither 
oscillated between a Pattern of domination and one ol laissez- s guid 
satisfied him. The latter did not leave room for the hind of P not encour 
ance he thought a teacher should give his students: the former did i seeking 
age personal responsibility and growth in goal forming and concep 
which he believed should be a Part of every person's education. 
What was Mr, p approach to teaching? ` ion 
He taught in a school with a normal Population, that is, a Pope 
diversified in LQ, reading score, and socio economic background, The s bound 
were expected to take a standard state examination; most of the college choo! 
would probably take, in addition, the College Board Examination. The s 
Was also expected to show up welt in these examinations hiere 
Most teachers in the schoot thought the best way to help students Yi d 
nations was to teach the way our Mr. A. did—with hod 
only trouble they could find with our Mr, A.’s me 
helped Mr, A, they 
Mt P. did not 
in the psychology 


die after all, “he did his job.”) du 

believe this at all, he Anew that there had been aan B 

€ approaching class management and learning; he wai 

on example, Hy Bingham, “The Reta 

Environment; fournat of Experementat Education, 9, 187, 1910 nce," School 
Q mbree, Je, * | ie en 

and Society ae 305, s hildren Compare Tua Types of Education Expe: 

^T. Hoplans, «. 
Columbia U. hpa” “Semors Survey qe. High 
TW 


H. Burton, 

N. Y, 1952 
B Othanel Sm 

Book, N. Y., 1957, 
5L. ]. Cront, 


oo! 
Mion of Certain Social Attitudes to Sch 


16, 
School,” Teachers College Record, 42, 1 
The Guidance of Learning Actwities, 2nd ed, Appleton Century Crolis 

vortd 
th ef al, Fundamentals of Curriculum. Developmient, rev, ed, Wort 
ch, Educational Pathology, Harcourt, Brace, N, Y, 1954, pp 442 46. 
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and which fed back results when reports were made or questions raised. That 
is, individual expertness was encouraged and recognized. Mr. P. was available 
to advise on these projects, to redirect efforts that were stalled, or to expand, 
through questions, efforts that seemed to have run dry. 

Mr. P. had by this time convinced the class that they and he, together, 
could plan the course successfully. He remembered that only his first few classes 
had floundered; he had learned to trust his students. One of the things he had 
learned was that the success of the work depended on class committees and 
time given for planning. And there was the rub. There was never enough time, 

Finally he had hit on this plan. 

He met once a week with the committee chairmen who formed the Execu- 
tive Committee. One week the meeting was early in the morning (before 
school); another week it was in the afternoon. Here ways of proceeding were 
ironed out. Here reports, directions, laboratory work, films, field trips, lessons 
in which Mr. P. took the lead, were planned and scheduled. The committee 
also examined the three available texts and selected one for major use. In this 
way Mr. P. met with committees in all his classes. 

Each chairman scheduled meetings with his own group out of class: at 
bome, during study periods, during lunch period, etc. In any emergency, the 
committee could call on Mr. P. Somehow he managed to arrange meetings. 
(The reader will see that Mr. P. believed ın extracurricular work.) 

Each committee assigned one person to the class laboratory squad. This 
laboratory squad planned the materials necessary, ordered them from the 
science department's laboratory squad,* and saw to the distribution of the 
materials, their collection, and their return. (The department laboratory squad 
also saw to the preparation of materials and their maintenance and repair.) 

What was Mr. P.’s part in the day-to-day work? It was that of a teacher 
whose concept of science was described in Section I. Hence, he believed in per- 
mitting students to do their “damnedest with their minds, no holds barred.” 
The reader will have noted that the course the students planned included more 
subject matter, not less, than would be found in a course within the pattern 

of teacher-domination. This is generally the result of a teaching approach which 
permits the students to help in the formulation of goals and objectives. The 
morale of the class, the motivation of the students, is high when the purposes 
of learning are clear and acceptable to them. These students worked very hard. 
Mr. P. taught often; planning by students doesn’t mean abdication by the 
teacher. When he found that a student's report needed clarification, he asked 
questions which illuminated. When he thought that a topic was not fully cov- 
ered, he made suggestions. When the topic was too difficult to be handled by 
a student, or group of students, he became a member of the committee and 
planned with them; he taught actively, usually in the pattern of questioning. 

He was 2 guide and friend; he was firm and demanding, but nat coercive; 


*A di«usson of student squad mas be found in the companion volumes: Morholt, 
Rrandacin, and Joveph, Sourcebook for the Biological Scencri, and Joseph, Brandnein, 
and Morholt, 4 Sourcebook for the Phisical Scences. 
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We have watched such classes at work, and the students are clearly sensible. 
They even admonish each other on wasting time in repetitious discussion. 

At the end of a week or ten days, a list of topics and their subdivisions, a 
developed by a committee of students interested in a special topic, was placed 
before the class. The topics were in three categories usually. And Mr. P. attest 
to the fact that free discussion and skillful questioning almost always result 
in these three categories. (Mr P uses the pattern of teaching described in 
Chapter 7 always questioning, refraining from giving information.) 


Category A. Topics we should like to discuss in class. (Includes activities 
we should like to do in class ) 


1. How our bodies work (anatomy, physiology; includes dissection of frog, 
rat, cell studies). 


2. Why we behave as we do (elementary psychology). 

3. What we inherit (heredity, reproduction). 

1 Our origins (evolution, also such activities as a survey of animal and 
plant kingdoms to show evolutionary relationships; includes field trips). 


Category B Topics we can read for ourselves Permit one class period every 
week for questions {planned by a committee with teacher's advice; see p. 81) 


1. Plants and animals (classification). 
2. Conservation (to be reviewed when field trips are conducted). 
3. Nutrition (to be reviewed when physiology is discussed). 


Category C Individual and 


group projects and readings. (To be done at 
home or during free periods ) 


1, Preparing permanent microscope slides. 
2. Raising tropical fish. 

3. "The embryology of the snail. 

4. Culturing protozoa, 

5. Studying heredity of the characteristic 


"dimpling." 
With three different cat 


egorics of topics to be considered, Mr. P. and the 
class agreed upon a working procedure, Topics in Category A were taken up 
sequentially in class, each being considered for some weeks or even months 
Fach topic was subdivided into four or five smaller components on which 


committees worked with the constant advice and encouragement of Mr. P. 
Thus the whole class was at one ti 


ime working on the same general area, yet 
there was opportunity for individual special interests. 

Topics in Category B were, as mentioned, read from standard texts and 
other references outside the class, but one period each week was reserved Tor 
questions. The scheduling of the reading and discussion was planned by 2 
Student committee, who knew that they would be taking the required exami- 
nations. 


Category C involved aspects which usually grew out of Category A or B 
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TABLE 4-1 Some consequences of three teaching patterns * 








Undirected Group control Teacher control 
Pattem — Uncoortinzted Coordinated Dominated 
Teacher's role Vague adviser Mature, wise group — Task-setter, drill-master 
leader 
Emphasis. Momentary Significant group Recall and recognition of 
interests of indi- problems devel- academie subje mat- 
vidual pupils. Oped to fullest 1er, practice of aca- 
“fun” extent posible demic shills 
with maturity of 
pupils 
Direction Unguided, Sclf-responsibitity, Success on examinations, 
uncritical learning how to collegiate admissions 
fearn 
Emotional Disturbing becuse Mav be frustrated Relieves anxiety by set 
security of low arom- unless group standards, of dearly 
plshment of plans clearly stated; teacher assumes 
vague tasks responsibility 
Enjoyment — Enjovable until Enjoyable if group Individual enjoyment 
anxiety appears sees progress to- from compliance to set 
ward dearer tasks, bur not enjoyed 
goals by all 
Effort and Low persistence, Self-directed to- Effecure if group accepts 
efficiency wasteful ward chosen direction of effort and 
goals continuous leadership of teacher, 
when leader is otherwise resistance and 
abent minimal reponse 
Study patterns Haphazard Olen intensive, Highly organized br 


selfamitiated to- teacher, little pupil 
ward dear goals initiative 


Assignments Few, vague Group planned Set bv teacher 
Learning of Not much ev- As good as teacher Averazes as good as 
course cene. probably controlled group«ontrolled clases 
materials quite ineffective casas, posible on academic recall ant 
superior for al application 


tenng atutudes, 
approach empha- 
sues process of 
soentific inquiry 


Evaluation Testing dSal, Teu imohing Major reliance on wn, 
too dnene adiv- — novel problem» both: standardised and 
ities, some ap- situations: con- bome made 
prainl of indi- tinual obwerra- 

Viduat efforts tion, reports 
Type ej Self rehant, pret Equal opportunity Academically inctined, 
student ously motivated and encouraze conforming, college 
favored fomi for scence tound 


shr. tpical and 
sence prone 


* Based ín part on L. J Cronbach, Educationa! Pricbotozs, Harcourt, Brace. NY. 1954, of 
B. 459, and W. HL. Barton, The Gurdere of Lrarming tctrrites, Ind ed. Appleton Century- 
2 after lengthy duwvwien, ep pp 325 


— 
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he was permissive. There was an absence of threat in his eles ete m Pa 
dom to proceed with the business of learning, not freedom to d de wake cw 
Ts it strange that Mr. P. had few discipline problems? The stu a pun ^ 
teacher, were ergaged m a commonly accepted, commonly planner o d t 
What of the poorer student—the science-shy student? ae y " n 
much better opportunity in. Mr. P's class than in Mr. A's or dr. 2s ae 
Mr. A's, he would have failed. In Mr M.'s, he might not have failed, ne 
could have gotten by with doing very little He might even have become a 
class nuisance, Jn Mr. Ps class the other students expected him to contri i: 
in committee work, he prepared a report, and he reviewed in commie n 
in class Since he had a stake in planning the work, there was greater likeli - 
that he would work to capacity In fact, Mr. Ps classes were known for thei 
healthy learning atmosphere, there were few, if any, disciptine prablems e 
What of the science-prone student? Clearly he had an opportunity to exert 
leadership; clearly he could extend his learning beyond normal saper 
Clearly he could work in a group or work individually. No limitations x : 
placed on him; individuality was not crushed, but encouraged. In fact, Mr P. 
approach depends on enlisting the leadership of the science prone student. : 
In short, Mr, P. had dey eloped an approach which enabled him to mney 
the needs and interests of different individuals within a class. This he did by 
adapting to the situation in class the principles of learning, gleaned from 
Tecent investigations of the conditions most fruitful for group learning. : 
Furthermore, we know that Mr. P's students did as well in the state exami 
nations and College Boards as did other students in his school taught by the 
lecture method, ] 
P. was one of the most, if not the most, respected teacher in the 
those most liked by parents and students, and clearly appreciated 
gues and the administration. His colleagues called him a “teacher's 


school, one of 
by his collea 
teacher," 


An exeursion 


into appraising the teacher 
as classroom leader 


Our readers will n 
Mr. M, and Mr. p. T. 
an individual's origi 
Ptoaches remain per: 
ence; and those of us 


‘0 doubt have put themselves in the Places of our Mr. A, 
his would be, at least in part, a snare. For we insist that, 


sand development being what they are, teaching ap- 
sonal inventions. Nevertheless, 
who res 


types” we have described, all actual cases, fit into 
from the famous study of Lewin, Lippitt, 


ith regard to the development of the science-prone student, oF 
Op at, P7. 
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13. Some science teachers believe that adolescents do not know what they 
want or can do, and must be told, 

M. Some science teachers, in their teaching, really satisfy their own needs 
(for securits, status, recognition) rather than those of their students. 

15, Some science teachers, in their teaching, attempt to satisfy their stu- 
dents’ needs. 


Of course, it will be said, and rightly, that these statements apply to all 
teachers, not to science teachers only. But the success of the science teacher is 
not measured only by his success in teaching science per se: we repeat, be 
teaches science fo students. Hence the nature of his attitudes and approaches 
to his class, and his management of its students are of paramount importance. 

The success of the science teacher in teaching science cannot be greater 
than his success in managing his science class. 


ROUINTE TEACHERS «ay 





S at : d 
the "scientifically gifted," Brandwein ? feund that a situation e ae 
the “democratic planning’ zppreach in the science Daya e 
developing these students than ettner the “authoritarian T S e Wii 
approach. This 1s m accord wath the findings of Lewin, Lippi Pb 
and others. Furthermore obwrvauons t'iroughout the country 2 d 
clearly, almost beyond the sf aduw of a doubt, that in the eee ee 
students, supervisors, administrators, and the community, d oA a 
approach to the classroom is centered around “democratic Plann ee tu 
sidered to be most effecuve Sometimes the oft used phrase democra iro 
to lose its central meaning a system of checks and balances to avoid bo! 


hy 
domination of an absolute monarch (Mr. A.?) and the chaos of anarchy 
(Mr M3) 


LP, 
4-1, Where do you place yourself? Where do you place Mr. A., Mr. M., Mr. 
and other teachers you have known, on Table 4-12 


ter- 
4-2. In your estimation which of the statements below apply most charac 


t 
sstically to Mr, A's teaching pattern? Mr M.'s? Mr. P.'s? To your own—presen 
or planned? Or do they not apply at all? 


I, Some science teachers drive, even bully, their students to work. 


: ; vork 
2. Some science teachers have classes which come in ready to start w 
and to enjoy it, 


3. Some science teachers 
helpful, 

4. Some science teachers a 

5. In some science classes 
that may be rejected 

6. In some science class 
in friendly and fruitful help. 


7. Some science teachers believe that Pupils will not voluntarily engage 
im useful work, 


ate humorous and friendly, albeit firm and 


re in almost continual conflict with their m 
keeping quiet is safer than volunteering an 


s " 2 1 s 
es admitting one’s difficulties to the class result 


8. Some science teachers believe that students will engage in fruitful 
work, especially if they take a usef 


ul part in planning the work and in work- 

ing toward an acceptable goal, 
9. Some scienc 
devices, and can the 
10. Some scien, 
"covered" before p 
11. Some saei 


© teachers believe that students can be left to their own 
'reby achieve worthwhile learning. 


ice teachers believe that subj. 

oing on to something else, 

mor teachers believe that classwork is part of the generat 
ping students to improve the quality of their lives by 


ject matter is something to be 


12. Some science that since group control is the usual 
Pattern in adult life, 


creasingly used in class management. 
1995, p. SL t Brandwem, The Gifted Student As Future Sctentist, Harcourt, 


it should be in 


Brace, N. Y. 
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Bases for a statement of objectives 


A base in developmental tasks 


One set of these aims and objectives is based on investigations in the growth 
and goal building of children, and must thus be based upon an understanding 
of what children need to learn in order to lead successful lives. For, after all, 
while teachers are all proprietors of the teaching process, the student is the sole 
proprietor of the learning process. 

Increasingly teachers have realized that they must consider the inherent 
interests and capabilities of the learner, as well as the subject matter; the who 
as well as the what of learning, Certainly a carpenter working with pine wood 
does not treat it as he would oak, no matter what he is attempting to build. 
Psychological studies, still in their infancy, have already shown the importance 
which internal motivation and goal building have on learning. In the field of 
sports there have been a number of international champions who were stricken 
with polio or other severe disabilities, and who probably became champions be- 
cause of their drive to overcome the affliction. Constantly haunting all teachers 
is their awareness of the potential achiever who lacked drive and wasted his 
talents. Although the teacher is not the only one who shares responsibility in 
such cases, his conscience still bothers him, for he might have held the hey and 
not known it. 

Effective teaching is based upon a clearer understanding of the “develop- 
mental tasks” of children. According to Havighurst,* elaborating on an idea of 
Corey, these developmental tasks are simply the things that children must learn 

in order to live satisfying lives. (Note that this satisfaction is in the learner, 
not in some external judging board.) Havighurst used this definition: 





The developmental task concept occupies middle ground between the 
opposing theories of education: the theory of freedom-that the child will develop 
best if left as free as possible, and the theory of constraint—that the child must 
learn to become a worthy responsible adult through restraints imposed by his 
society. A developmental task is midway between an individual need and a 
societal demand. It partakes of the nature of both. Accordingly it is a useful 
concept for students who would relate human behavior to the problems of edu- 
cation—without, I hope, obscuring important issttes in educational theory. 

‘The tasks which the individual must learn—the developmental tasks of life 
—are those things which constitute healthy and satisfactory growth in our 
society. They are the things 2 person must learn if he is to be judged and ta 
judge himself to be a reasonably happy and successful person. A developmental 
task is a task which arises at or about a certain period in the life of the indi- 
Vidual, successful achievement of which leads to his happiness and to success 
with later tasks, while failure leads to unhappiness in the individual, disapproval 
by the society and difficulty with later tasks. 





ogg! Revert J: Mavighurst, Developmental Tasks and Education, Longmans, Green, N. Y. 
50, pp. 4, 6. 

Sce also, Stephen M. Corey, The American High School, ed. by I. L. Caswell, Harper, 
N.Y. 1916, Chapter 5. 
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the science classroom? They are in the tradition of science. Who is better 
equipped to interpret the results of scientific investigations in learning (or 
teaching) than the science teacher? He is, also, part and parcel of the scientific 
tradition. He is in science. 

Nevertheless, the developmental tasks we have dealt with briefly, or the 
modern aspects of psychology, are certainly not the only source of objectives. 


A base in field covering 


Some science teachers still seek their objectives in subject matter. To them 
the study of subject matter is the means through which boys and girls become 
responsible adult members of society. While this proposition is partially cor- 
rect, it is incomplete because it neglects the student’s internal motivation to 
learn. 

Most teachers practice what can be called the “field-covering” approach, 
They accept the ioral dictate of a subject maner field and is appurtenances, 
content as outlined by textbooks, examinations, and tradition. Teachers who 
try to “cover the field” are faced with eternal frustration; the field is too large 
to be “covered.” Their basic aim is then to cover enough of the field so that 
it is introductory to covering more of the field. Elementary chemistry “covers” 
chemistry, but only preparatory to “covering” college chemistry, which is in 
turn often introductory to the field. In practice, then, “covering” the field 
merely means sampling it. The basic question then becomes whether or not 
the previous or traditional samples are necessarily the most effective for all 
teachers, all objectives, and all students. 

What criteria, what aims and large objectives of teaching and learning 
does a teacher use to select the materials which are his sample? Selection of a 
sample becomes increasingly more difficult as the years go on, for in science 
the fund of information and concepts are constantly increasing. Generally 
selection is simplified, and vigorously defended on the basis that the material 
to be covered is: 


1. Dictated by a course of study (developed by curriculum experts or a 
committee of teachers acting as experts). 

2. Dictated by a textbook (developed by authors and editors who are wiser 
than the individual teacher). 

3. Required for an examination to be taken (standard achievement exami- 
nations, state examination, or College Entrance Examination}. 

4. Required for college entrance. 

5, A duplication of a college course taken by the teacher. 


In the privacy of your own thoughts, examine each of the five bases listed 
above. To what eatent is each supported by factual evidence, in contrast to 
hearsay and the mythology of education? In what ways do these contentions fit 
with the teacher's responsibility to help children grow in wisdom? In making 
this assessment you might wish to note in two columns the arguments and 
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ously stated and are to be found in textbooks. Conversely, some objectives are 
so heavily framed in terms of "doing" or activity, that is, the external, ob- 
servable aspect of learning, that the intellectual basis is disregarded. Both 
internal (mental) and external (observable) must be attained and both must be 
Stated explicitly. Generalizations without experience and new applications are 
essentially verbalisms, of which we see too many. Frantic activity for the sake 
of “doing something” frequently degenerates into vague “messing around” 
without purpose or significance. Both learning and doing go together and 
should be planned that way. While the teacher's interest may center in the 
intellectual (invisible), the student's interest may center, and usually does, in 
the activities—what he can do. Effective teaching blends the two. The concepts 
sought in an attempt to improve the quality of life and living have significance 
to the learner mainly as they are applied to an understanding of what life is 
about. The concepts and generalizations around which the effective “problem- 
centered” course 1s built are useful to young people because they provide pur- 
pose and meaning in living. We do not mean blind problem solving, or fruit- 
less problem doing, but problem solving, problem doing, drill (practice), and 
inductivedeductive work—all toward the formation of concepts which help 
youngsters do a better job of living (see Chapter 6). 


A synthesis 


What then is the orientation to which we may repair? Here historical 
perspective helps us to help ourselves. Historical perspective shows that even 
the most modern orientation, based on current research and educational in- 
vention, will one day be termed traditional and be supplanted by devices which 
will be even more significant and effective. This is in the nature of advance. We 
take the best of the old, and blend it with the best we know from later studies, 

But “the best we know” is not always “the best we should know.” Educa- 
tion, its psychology as well as its pedagogy, has not advanced to the point where 
we can demand of our theories, as rigorously as we should like, that they show 
us when we are wrong. We propose that a fitting base for the objectives we seek 
as science teachers lies in: 


A conception of the way children grow and what they need to know to 
develop to their fullest in this modern world. 

A conception of the “real” world as scientists have described it. We under- 
stand this to be a tentative, always changing description. 

A conception of the way of the scientist as he seeks to understand the world. 


This base is oriented in generalizations about the growth of children (de- 
\elopmental tasks), in generalizations about the “real” world (concepts), and in 
the process by which developmental tasks and generalizations about the world 
we live in are discovered (the way of the scientist). 

Now, of course, no one knows just how children grow, or what they need 
to know ta grow to their fullest, ov what the world really is like, or the full 
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evidence For and Against each item Look again at the five conten ions i 
terms of the children you tarh wil? teach, or wed to know when jor a 
in secondary school Look once inore to see to what extent the atopia 
each point would dictate or restrict the manner in which you would organi 
and teach the subject matter Exen af all five points were operating simu a 
ously, what opportunities would exist for your personal inventions in teaching 
rocedures? 

E The textbook, of necessity, is usually based on a blend of most. of these i 
factors Certainly authors have difficulty i2 introducing new materials, p 

content, or new approaches. Teachers, who choose the books to be used, " 
mand that a new textbook rust include most of the old famitiar matris 
even as it grows too large by the addition of “new topics.” Authors are caught 


in a vise, Major changes in texts come slonl 
said that this slow Change m textb: 


riculum will be stow but sure. 


B ir 
Teachers who reject the five shackles listed above, and want to alter ine 
selection of instructional material my do so. Ample materials of varied ap 
Proach are available in texts and supplementary works (see Section HI). 





Y but they do come. Some have 
ooks is 2 guarantee that the changes in cur 


A base in the generalization approach 


Appraisal of the teaching of science has stimutated various attempts 19 
make field covering more coherent. These resulted in what may be called "ihe 
generalization approach” to curriculum construction. Essentially, the major 

Hemes of a field of science would form the center f 
ject matter in that field. The experiences, activities, 
knowledges, and skills would be organived in such a manner that they would 
form an inductive pattern, leading inevitably to the desired generalizations. 


Thus, the Beneralization, matter ig composed of submicroscopic particles, would 
be central to teaching a whole area? 


In other words, teaching generalizations as 
just as sterile as teaching content to pass examina 

We are faced wit! 
tives; a difficulty pe, 
above. Some stated SSS stress the internal or mental, and invisible, 
changes sought in Students. These are Phrased as Understandings, Generali- 
zations, and Concepts ‘They are 


i ; drawn from the resules of past science, the 
history of science, as it were Thy 


h still another dil 


rhaps parually r 
objecti 


culty in the formutation of our objec 
*sponsible for the troubles mentioned 


ese concepts, in other words, have been previ- 
3 National Society for the Stud i icago Press 
hi 2 Yel Education, Thirty First Yearbook, U, of Chicago 
Chicago, 1952 A number of Fuch generahzations in all areas were stated n this work 
90 
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3. The ways of the scientist as they help boys and girls understand the 
impact of science and scientists on society. 


Otherwise why would the community “now stress science”? And “work 
closely with business,” which as always depends on technology whose roots 
are in science? Furthermore, what kind of science instruction should be given 
the 70 per cent of youngsters who are not going on to college? And what hind 
of science should be given the 30 per cent who are going on to college—a few 
of whom may become scientists? 

We propose that “The aim: to train the 70 per cent of high school gradu- 
ates who don't go to college" and the succeeding phrases indicate a turning to 
the objectives of general education. This in no way means a turning away 
Írom "standards"; it does mean for science specifically a synthesis around the 
three elements we have stated above. General education is concemed with 
developing the various individuals we teach so that they will be able to utilize 
their capacities in planning and living their own lives with competence. The 
developmental tasks are aimed at this goal, and so is our synthesis. 

But the synthesis we have suggested does not explicate the kinds of things 
students need to do ro live their Ines fully. Quotations from individuals who 
have given this hind of explication serious thought would be useful. * 


The purposes of general educauon are better understood in terms of per- 
formance or behavior rather than more narrowly in terms of knowledge. 


And the 1952 Yearbook of the Natíonal Society for the Study of Educa- 
tion, General Education, includes this quotation: * 


President Conant states he would amend the Harvard report, General Edu- 
cation in a Free Society . . . by stressing the type of behavior [italics ours] on 
which a free society depends rather than emphasinng the common knowledge 
and common values which influence the behavior of citizens, 


In other words, without definite specifications of the kinds of behaviors 
which students should develop as a result of taking a course, teachers comfort 
themselves with delusory notions that as long as students take science courses. 
they will somehow come out sound of mind and of body, and that they will 
do the things eapected of them. 

We Iean to the notion that a person's knowing something can best be 
determined bj his domg something. Briefly, we suggest that desired changes 
in behavior be expressed as behavioral objectives. 


The behavioral objective 


We educate in order that we may improve the quality of knowing, of un- 
derstanding, of the behaviors which lead to more effective living. In other 





ST. R. McConnell et al, “General Education,” Encyclopedia of Educational Research, 
ed. by W. S$. Monroe, Macmillan, N. Y., 1950, p 489. 
* Fifty-First Yearbook, Part 1, U. of Chicago Press, Chicago, 1952, p. 6. 
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words, if education 1s effective, 1 results in a change in behavior which effects 
an improvement of hving We shall refer to objectives (which we always asso 
rate with a change in behavior) as Behavioral objectives. This is an appro 
priate term which we gladly borrow fom other recent publications. 

The Russell Sage Foundation has supported two projects, “Elementary 
Schoo! Obyectises,” and “Secondary Schoot Objectives,” These are available 
to any teacher for a study of the behavioral objectives which have been devel- 
oped as a consensus by “experts” m elementary and secondary education? 

‘An examination of several samples of behavioral objectives, as stated 
by N. C. Kearney and Will French, wall indicate their structure. This in tur 
may aid the reader in elaborating his own objectives (see the "Excursion" at 
the end of the chapter). In this last section, we state objectives, not by way 
of sample or of example, but to afford those teachers who want to do so an 
opportunity to develop their own statements of objectives. We feel quite 
firmly that a textbook in the methods of teaching science should avoid state 
ments of objectives "These, above all, must stem from the community, the 


school, and the teachers (Note The emphasis ıs on knowing and understand 
ing as behavioral objectives ) 


Case 1. Sample objectives in elementary school science” 
KNOWLEDGE AND UNDERSTANDING 


Intermediate grades He {the student] is beginning to understand how physi 
cal features and resources affect population, conservation, recreation, industry, 
prosperity, aggression He is able to contrast recent and ancient ways of living 
He knows that man derives wealth from ammals and from the earth He know 
the tugel of the weather bureau, biological survey, geographical societ}. He 
im lerstands that scientific progress is generally a cooperative enterprise. He 
knows the relative locations of the major regions of the world and is able to 
interpret many of the common natural phenomena He is beginning to develop # 


store of knowledge about agriculture, mi iryi i 
a nin] . He 
knows about and uses safe behavior ae Aud reno, 10 





Frearms, explosives, poisons, noxious 
weeds, poisonous plants, and such “unknowns” as dynamite caps, radium pel 
les. He should have a reading vocabulary of 300 history and geography word 
and a recognition vocabulary of an additional 300. 

____ He knows some ways of verifying data to distin 

ion. He is beginning to search for “how” and “why” 
observes in the natural world about hum. á 


" Res beginning n understand the ways in which man has gained control ovt? 
his environment and has made adaptations to it, and he relates this control to 
lopment of science and civilization as we know them. 


SKILL AND COMPETENCE 





ish between fact and opin- 
generalizations in what he 


U| 
ae prade period. We uses scientific information in a broad range of 
€ home relating to diet, appliances, equipment, gardens, aut? 
TNotan C. Kearney, Elementary $chool Objectives, 


a Will French et at Russell Sage Foundanon, N- Yu 1953 
Sage Foundaton, N. Y, ios], n onn of General Euston ex High Schol, use 


*N C kearney, op. cit, pp. 88, 9205, 
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mobile, furnace, venulation, lighting, insects and pests, pets, winter and sum- 
mer chores, faucets, and conservation. 

He habituallv associates facts and secks to formulate generalizations in the 
social and the physical environment. He is careful to try to ascertain the difference 
between real facts and the conclusions they seem to suggest (in geography, for 
instance). He uses scienufic method in seeking conclusions and finding answers. 
He distinguishes scenufic method from superstition, magic, astrology, legend. 
He performs simple experiments in school and at home to satisfy curiosity about 
scientific questions. He secks information as to safe rules for performing experi- 
ments 

Through reading, experimentation, and discussion, he examines the mean- 
ing and implications of new developments in such fields as electronics, plastics, 
jet propulsion, a:rcraft, and atomic energy. 


Note that the child does things as a result of teaching: “He uses safe be- 
havior with firearms,” etc. It is never enough to state an objective in this way: 
“The teaching of the rotation of the earth so that the child understands time.” 
The aim must be explicated by an activity, a change in behavior: in a be- 
havioral objective. 

We turn now to several cases of behavioral objectives dealing with the 
secondary school. 





Case 2. Sample objectives in high school science '* 


[STUDENT] TAKES INTELLIGENT ACTION 
ON HIS HEALTH AND HYGIENE PROBLEMS 


Some illustrative behaviors Regularly seeks advice from medical and dental 
practitioners and specialists, secures medical and dental examinations, not less 
than once a year and more often in case of need. 

Uses good judgment in deciding when symptoms of illness in self or others 
warrant consultation with a medical adviser, and assists the doctor or dentist by 
defining his symptoms. 

Avoids self treatment of acne or other functional disorders common to 
youth. 

Uulizes when necessary the health services of the community and helps 
others to do likewise. 

"Takes measures such as vaccination and immunization to protect his health 
and that of others from communicable disease. 

Maintains (if girl) good habits of cleanliness, health, sanitation, and 
sensible exercise relating to menstruation. 

Recognizes the hazards of quack or “patent medicine” medical care and of 
the comparable charlatan in mental health care, and seeks to avoid these ap- 
proaches to mental and physical health care 

Refuses to try a habit forming drug and reports to the proper authority 
anyone offering one to him. 

Plans for adequate ventilation in all indoor situations. 

Establishes habits of regularity in the elimination of bodily wastes. 

"Takes measures to protect himself and others when suffering from a cold 
or other infectious diseases. 


10W. French, op. cit., pp. 118-20. 
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Developmental equivalents (Expectations for younger or Jess mature stu- 
dents) ies d 

‘Uses simple first ard measures in deal.ng with minor injuries. Uses simple 
hygiene procedures. 

Has made some effort to unprove his physique and appearance. 

Knows some common harmful conditions that affect health adversely, {such 
as] poor diet, lack of sleep, etc. ; 

Spends uch of his leure im teameplas sports but is not conscious of health 
benefits. u 

‘Accepts ards or devices (eg orthodontic braces) that will improve his phy+ 
ical appearance later : 

Te gaming an understanding of the principles governing good eating habits 
and of the need for rest and. physical 2ctivity 


Deures to conform to standards of dress set by own sex group, but is be 
coming discriminating about this respect. 


Gooperates with parents by adtering to a diet if he is too thin, too fat, or 
has physical disorders. 


‘Observes the principles of hygiene m the care of skin, teeth, hair, eyes, and 
ears, etc. 


Recognizes need (or some "rules" about his work, play, diet and sleep 
Is learning to dress becomingly 


Assumes good posture for his growing body 
Recognizes desirabslity of consulting a phystctan and dentist periodically. 


Does not believe everything he hears about health on "TV and radio, oF 
reads in print 


1s wary of patent medicines without checking with proper authorities, 
Disapproves of the misuse of drugs 


Understands the negative aspect of the use of tobacco and alcohol, and uses 
neher, 

Note the use of achue verbs A behavioral objective is a behavior; itis 
something which can be observed because youngsters show it in a form of 
action. To repeat, if the objective is attained, it can be seen in action; it com 


be seen as active in the lives of youngsters who have been "taught" and have 
“learned.” 


Case 3. Sample objectives in adjusting to scientific conditions 


Now note how Stratemeyer and her colleagues state these objectives 
(Table 5-1, p. 98). Note that they provide for differences in the age of individ 
uals, that is, they expect that growth has occurred and some of the develop 
mental tasks have been approached and mastered to a degree. 

What value has this for us as teachers of science? Considerable value even 
when examined casually. To begin with, an objective stated in behavioral 
terms, ia ferms of what youngsters can be seen to do, helps the teacher plan 
spennet y to do what he can to help youngsters change their behavior. Se 
2 d attainment of an objectise stated in terms of specific behaviors 

n be appraised with greater objectivity because it can be observed. Like the 
scientist, we see a different reaction and can then ponder how it came about 
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Thirdly, and most important, the formation of behavioral objectives demands 
a thorough insight into the life and living of youngsters in their community. 
Youngsters are more ready to help in planning when they can anticipate a 
desired change in their own lives. Furthermore, behavioral objectives are 
clearer goals for youngsters to seek; they can recognize the importance of the 
desired behaviors and assess their own growth in these directions, Now let us 
look into the patterns which behavioral objectives take. 


Patterns in behavioral objectives 


The reader may say that these three cases we have included for study are 
really “outcomes” and not “objectives.” This is begging the question in the 
following ways. Objectives are often stated in the form: “to know,” "to under- 
stand,” “to appreciate.” But how can one tell whether this has been accom- 
plished? One tests the student. Consequently teachers’ real objectives appear on 
their tests and in the behaviors they seek in class, in the laboratory, and in the 
“world.” Students see this clearly; some (college students) have been known to 
say, “I didn’t Know what the course was all about until I saw the final exami- 
nation.” (This is, of course, not the most desirable situation!) All this then 
puts great importance on evaluating procedures, for these reveal the teacher's 
real objectives. For this reason Section IV is concerned with the appraisal of 
students, and of the teacher's role. 

While there are no "average children" and no "average competence," we 
nevertheless tend to expect excellence of all, as if all could achieve excellence 
as well as aspire to it. But aspiration to excellence is not equivalent to its 
achievement. In developing a pattern of behavioral objectives which will guide 
us in our derivation of a pattern which fits each of us individually, we must 
guard against expecting uniformly the highest attainment of our objectives 
from all our students as well as ourselves. Those of us who have lived long 
enough have had occasion to rue our frequent fall from the heights, and to 
wonder whether we shall ever reach the real heights. 

First we need to classify our objectives into at least two groups. Careful 
examination of courses of study shows that the numerous objectives differ in at 
Teast one major aspect. Some apply to the entre course; indeed some apply 
to all of schooling. These we shall call pervasive objectives. The others are 
limited to a particular course of study, even to a unit of work, These we shall 
call limited objectives. 

Fach objective as stated will consist of two parts: the internal-intellectual 
aad the external-odservable. Behavioral objectives, as we shali formufate them, 
are phrased in the form INTERNAL: observable. That is, an understanding 
(the internal) is followed by a shill or competence (the observable). 

‘The teacher who formulates his objectives in the pattern will thus have 
each explicit understanding followed by one or more observable, overt activi- 
ties which require that understanding. 
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TABLE 5-1 A set of behavioral objectives: adjusting to atmospheric 


conditions * 


EARLY CINILDIICOD 


LATER CHILDHOOD 


Understanding Finding hou changes in ueather Developing bases for judging end 
beatha effect ones ectnities Reads a adjusting to weather conditions 
Conditions thermometer finding how to pro Reading thermometer, barome't, 


tect hands when plasing m snow, 
finding what snow run hid sleet, 
douds are Lhe helping dende 
whether it is likeh to tam ashing 
how parents or others tel that it 
ma) ran or be cerr later in the 
day fnding whit clothing 19 ap 
propriate to a wanen of weather 
conditions inquiring about frost of 
steam on the window pane keep- 
ing sumple weather charts, ete 


finding how to interpret report 
from weather bureau; testing 
perstitions about the weather; find 
ing what causes thunder, lightning, 
hal, ram, snow; inquiring about 
the causes of reported hurrians 
«dones, finding why, mountains 
have snow on them in summe 
why sheltered parts of garden do 
not freeze; helping cover plants in 
garden before a Ereere: helps 
parents prepare for winter weather: 
ashing about differences in climate 
reported in articles about other 
countries; etc. 





———————————MM 


Adjusting to 


Noting eflects of diferent atmos 


Finding out about phenomena ot 


Conditions pheric conditions Melpmg ventilate sociated with the atmosphere and 
of Air, rooms providing adequate ventila- reasons for common adjustment. 
Moisture, tion for a pet to bc taken on a Finding how to avoid drafts in 
Sunlight cam; finding why strong winds venulating a room: finding »bt 


make it hard to wall, aching where 
‘winds come from asking how birds, 
airplanes can stay up in the air; 
finding when it is necessary to pro- 
tect oneself from sunburn; etc. 


humidifiers are uted at home, 
school, uning basic principles in P^ 
ing a bite, flying toy airplanes. e 
cussing bow fresh air 1s supplied 10 
submarines, deep sca dier dr 
covering why protections against 
sinburn are more necessary whe? 
Dear water; etc. 


a ee d eie 


* Florence B. Surat 
Fring eich statemerer, Hamden L. Forkner, 
niversity, N Y, 1947. 


Margaret G Mchim, and asoaates Devel 
Modern Living, Bureau of Publications, ‘Teachers College, Columb 


We ai 
Te, of course, aware that having an understanding itself is a be 


havi dis 

d a ichs achieving an understanding, where none existed before, is? 

should "m tela We insist, however, that while this is all to the good 8° 
ave evidence of this achievement of a change in understand 


ing. This evidence i i i 
DTE Oie best obtained, where possible, through observation of 49 
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i 


YOUTH 


Understanding climatic and weather 
conditions and making appropriate 
adjwstments, Underaning the 
principles in operation in barom 
eters, other instruments to predict 
weather, reading weather maps, dis- 
cussing the reasons for regular oc- 
curtences of hurricanes, cyclones, 
floods ın specific parts of the coun- 
uy; discussing the adequacy of 
community provisions against these 
disasters; helping parents decide on 
the kind of crops, plants, trees, 
which will thrive in the prevailing 
imate, finding how houses are 
built to take account of different 
weather conditions; discussing re- 
ports of the ellects of. drouth, ex- 
cessive rams on the nation’s food 
supply, discussing the possible ef- 
ect of prevailing weather condi 
tions on the location and use of 
international air lines; etc. 





ADULTHOOD 


Making effecte adjustment ta 
weather and climatic conditions. 
Using appropriate instruments to. 
predict the weather: the thermom- 
eter, barometer, weather bureau; 
deciding on appropriate clothing 
for self, children, deciding whether 
prevailing conditions make hail, 
wind, flood insurance or special 
protections desirable; adjusting 
style of house to prevailing climatic. 
conditions, adjusting kind of crop 
and garden to length and nature 
of season, deciding where and when 
to take vacations; considering the 
possible efect on price and avail- 
ability of raw materials of unusual 
weather conditions in this or other 
countries, etc. 





Understanding 
Weather 
Conditions 


——————————————————— 


Using basc principles governing 
needed adjustments to atmos- 
phere conditions. Ventilating home, 
schoolroom; discussing the issues 
involved in proposed measures to 
assure smoke control in industrial 
cities, discussing new discoveries 
which prolong the time man can 
sta in rare atmospheres, under 
water; finding how air condition- 
ing can control heat and humidity; 
finding why dry warm climates are 
recommended for certain illnesses, 
ete 


Making effective adjustments to at- 
mospheric conditions Deciding how 
best to ventilate a house, office; de- 
ading when a humidifier is needed, 
considermg whether to install air 
conditioning; taking action to con- 
trol smoke in industrial cines; 
finding what adjustments to make 
m moring to different altitudes: 
taking action on measures to rid 
the atmosphere of pollen; adjust. 
ing activities in hot humid weath 
helping children avoid sunbu 
eic 





Adjusting to 
Conditions 
of Air, 
Moisture, 
Sunlight 





An example of a pervasive objective stated in this pattern (as a behavioral 


objective) would be: 
UsotesrANDING: behavior 


"VO UNDERSTAND THAT AN EFFECT GENERALLY 15 RELATED To A CAUSE: in his 
explanation of events (e.g., rain) he [student] states a cause (cold front) or states 
a hypothetical cause, or states that the presumed cause is unknown to him, 
Clearly this applies ta all science courses; it is a pervasive objective in all of 


science teaching. 
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Examples of limited objectives (which in their turn serve pervasive ob- 
yectaves) are: 

General science - 

‘To KNOW GENERALLY THE GEOGRAPHY OF THE Sky. he tdentifies the common 
constellations. 
Biology 

TO ANOW THE BASIS OF NUTRITION FOR GROWTH AND HEALTH: he plans a 
satisfactory diet for himself for a three-day period, 

Chemistry : . 

"To UNDERSTAND THF CONCEPT OF pH he determines the acidity of his lawn 
ora sample of soil, distinguishes between common actds and bases found in the 
laboratory and the home; knows first ard procedures for accidental contact. with 
stronger actds and bases. 

Physics 

To UNDERSTAND OM's LAW: he docs expected calculations involved; ap- 
ples Ohm's principles to parallel and sertes circuits, practices safe loading of 
circuits. 

"These are but a few examples; surely many others will occur to the reader. 
We do not plead the importance of these particular objectives, although we 
could develop the pervasive objective to which they apply. For instance, 
Ohm's law could well illustrate the pervasive objective of teaching “cause and 
effect” relationships. (Of course teachers will prefer their own "limited" ob- 
Jectives.) What we feel ts important here is the utility and clarity of the objec 
tives when stated in this form. They state an intellectual generalization or 
understanding and also state immediately thereafter the behaviors ta be ob- 
served when the student knows the meaning of the generalization. 

But what of attitudes and appreciations? As attitudes and appreciations 
change they are exhibited in long-term, habitual behaviors of the learner. 
Essenually they represent the emotional orientation of the individual toward 
the topic at hand They are the guide lines with which he approaches the 
information and weighs the various facts available to him. Most of the atti- 
tudes sought in science courses, and n all schooling, are pervasive; but these 
necessarily develop out of specifics which are initially limited. Our form of 
stating attitudes 15: 

Arurrupe: actroty 
Pervasive 


To DEVELOP AN ATTITUDE OF OPEN-MINDEDNESS in expressing judgments 
where the data are obviously incomplete, tends to say Something of the sort 


"all the facts are not 1n; let's wait"; wants to hear both sides of the case; forms 
tentative conclusions. 


Limited 


To cowscxve nis rütNos: in the field builds compfires properly; stamps 
them out ofter use, cleans up after a meal; checks sofety devices at home. 
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The attitudes we develop in children are, however, intended mostly to be 
pervasive, rather than limited. Note also that the methods of approaching 
science, the ways of the scientist, are pervasive, whereas generally speaking, 
concepts, facts, and data tend to be limited or contained within a subject area, 
or a single topic. Conceptual schemes tend to be less limited; in fact, in the 
general courses such as general science, they tend to be pervasive throughout 
the course. 


Patterns of objectives in relation 
to a science teaching pattern 


In Section II, where we study the science curriculum and its scope and 
sequence, we shall consider a number of specific behavioral objectives in 
science, In this chapter, our purpose is to consider how a pattern of objectives 
relates to a pattern of teaching. Additional specific methods, techniques, and 
procedures related to teaching patterns affecting science-shy and science-prone 
students will be presented in Chapters 8 and 9. 


The beginning teacher 


AA beginning teacher has not yet formed his teaching pattern, but he 
soon will. To be sure, he will undertake to teach the ways of ihe scientist, to 
institute the climate of science in his classroom, and to work for concept at- 
tainment by his students (Chapter 6). Initially he will be aware of the three 
Reneral teaching patterns described in Chapter 4: the dominating, the laissez- 
faire, and the democratic planning. Each has its appealing attributes to the 
relatively insecure beginner. Which will he choose and why? 

He will ask himself, “What do I really want to accomplish in my teach- 
ing?” Or to put it another way: “What are my responsibilities to these chil- 
dren? What are my real purposes?” We believe that the form of answer which 
will have most meaning to him will be stated as behavioral objectives: what 
he wishes the students to learn to do and the basis on which they do those 
things. Such objectives are not quickly isolated and phrased. Gradually they 
evolve through careful study, thought, discussion, and reflection upon experi- 
ence. Mature teachers have Jearned that they continually outgrow their older 
objectives; new possibilities always come to light. The beginning teacher should 
expect throughout his teaching responsibilitics to modify continually his ob- 
jectives as he learns more about children and the subjece be teaches. Such a 
continual search gives purpose and direction to his study and thought. The 
ability to extend and enrich objectives is one hallmark of the professional 
teacher, A teacher's analysis is never completed; and this is one reason that 
teaching is exciting. 

Be that as it may, the new teacher enters a teaching environment (school 
and community) in which a certain teaching pattern is praised and in which 
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Examples of hmited objectives (which in their turn serve pervasive ob- 
jectives) are: 
General science 

"To KNOW GENERALLY THE GEOGRAPHY OF THE SKY: he identifies the common 
constellations. 


Biology 
‘To KNOW THE BASIS OF NUTRITION FOR GROWTH AND HEALTH: he plans a 
satisfactory diet for himself for a three day period. 


Chemistry 

To UNDERSTAND THE CONCEPT OF pH he determines the acidity of his lawn 
or a sample of soul; distingurshes between common actds and bases found in the 
laboratory and the home; knows first-aid procedures for accidental contact with 
stronger acids and bases. 
Physics 

TO UNDERSTAND OH'S LAW, he does expected calculations involved; ap- 


ples Ohm’s principles to parallel and seres circuits; practices safe loading of 
circuits, 


These are but a few examples; surely many others will occur to the reader, 
We do not plead the importance of these particular objectives, although we 
could develop the pervasive objective to which they apply. For instance, 
Ohm's law could well illustrate the pervasive objective of teaching “cause and 
effect” relationships. (Of course teachers will prefer their own “limited” ob- 
yectives.) What we feet is important here is the utility and clarity of the objec- 
tives when stated in tus form. They state an intellectual generalization or 
understanding and also state immediately thereafter the behaviors to be ob- 
served when the student knows the meaning of the generalization. 

But what of attitudes and appreciations? As attitudes and appreciations 
change they are exhibited in longterm, habitual behaviors of the learner. 
Essenually they represent the emotional orientation of the individual toward 
the topic at hand. They are the guide lines with which he approaches the 
information and weighs the various facts available to him. Most of the atti- 
tudes sought in science courses, and in all schooling, are pervasive; but these 


necessarily develop out of specifics which are initially limited. Our form of 
stating attitudes 15. 





Armrrune. activity 
Pervasive 

‘To DEVELOP AN ATTITUDE OF OPEN-MINDEDNESS: in expressing judgments 
where the data are obviously incomplete, tends to say something of the sort 


“all the facts are not in; lets wait"; wants to hear both sides of the case; forms 
tentative conclusions. 


Limited 


To conserve Living THINGS: in the field builds campfires properly; stamps 
them out after use, cleans up after a meal; checks safety devices at home. 
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As we have stated in Chapter 4, the laissez-faire approach generally re- 
sults from a basic misunderstanding of the so-called progressive approach. 
Generally it is soon relinquished as vague, frustrating, and chaotic. 

Objectives related to the pattern of democratic planning, A teacher who 
works in this pattern looks at the youngsters and the area of subject matter 
he teaches with the eyes of a responsible citizen, a leader of youth, rather than 
as a subject matter specialist or an amateur psychologist. He starts with human 
beings, his students—with their needs, problems, concerns, interests, motiva- 
tions~and asks how his subject matter specialty can help them to live better 
lives. He consults his students, his community, his supervisors and adminis. 
trators, the archives of his subject matter area, himself (in the light of his 
experience). 

Such a teacher actually deals with behavioral objectives, For as he con- 
sults those elements of his teaching environment listed here, he perforce comes 
to realize not only that his teaching must affect those he teaches, but also that 
he must demonstrate the effectiveness of that teaching. He comes to realize that 
he must weigh the results of his teaching; because even as he evaluates his 
students, they also evaluate him, in much the same way that their parents 
and the school administrators do. 

Therefore he states his objectives and the behaviors he expects when these 
objectives have been attamed. 

The patterns of objectives, which best fit the teacher who is within the 
pattern of democratic planning, are those stated as behavioral objectives. 
Whether the objectives be states are pervasive and sustained throughout the 
entire course or curriculum, or whether they are limited and contained within 
a unit or part of the course or curriculum, these objectives, or goals of in- 
struction, are most clearly stated wherever possible in the pattern we have 
Suggested: 

Unorrsranpinc. skill (or competence) 

ATITUDE: activity 

Objectives stated ín this pattern clarify each other in counterpoint. Skills 
operationally define and clarify the understandings, and the activity shows 

that the attitude is indeed a part of the individual's behavior. For what does it 
profit us to state objectives unless they result in observable changes of be- 
havior? 


One pattern of behavioral objectives: “critical thinking” 


A very interesting analysis of “critical thinking” was made by Burke: t 
A person carries on critical thinking when he exhibits the following behaviors: 
f. Differentiates between authoritative and nonauthoritative (reliable and 
Tess reliable) sources of information. | 
2. Criticizes faulty deductne reasoning. 


1i Paul {| Burke, “Testing for Critical Thinking in Physics,” American Journal of Physics, 


42, 527, 1948. 
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certain objectives are prized. He cannot, and should not, attempt to alter 
these unui he has lived. with them for a while. Our explicit statement then 
for the beginning teacher is to adapt to the teaching pattern and to adopt 
the teaching objectives of his environment, for the first year or two. These are 
years of study and choice, much hike the first few years of the residency of a 
physician or the apprenticeship of a young attorney. 


After the first years 


In Chapter 4 we stated our preference for the pattern of teaching which 
we consider most effective, this ıs based on years of trial, error, observation, 
and much practice. This will be made more specific in Chapters 8 and 9, be- 
cause both the science shy and the science prone react most favorably in this 
pattern. In our experience, the patterns of laissez-faire and domination are not 
as effective with these groups, or with the general run of students. 

Objectives related to the pattern of domination, The dominating teacher 
derives his obyectnyes from subject matter. When these objectives are stated by 


such a tcacher, they appear with such forms, tones, and overtones as the 
following: 


“To learn the principles of chemistry." 

“To practice the method of the scientist " 

“To learn to do weight volume problems.” 

“To learn to classify ansmals and plants." 

“To learn the anatomy of vertebrate animals.” 

“Yo learn the principles underlying the laws of machines," 

Sometimes (and we ourselves have heard these) the objectives are stated 
as bluntly as follows: 

“We prepare them for college.” 

“We prepare them to pass the College Board Exams.” 

“What's the difference as Iong as they work hard? Almost anything they 
learn is good for them." 


i Objectives related to the pattern of laissez-faire. Strangely enough the 
objectives of the teacher who holds to laissez-faire may relate closely to the 
last “objective” stated above: 

"What's the difference what they learn, as long as they grow, and learn 
to live with each other?” 

The teacher who maintains a laissez faire approach is very likely, ìf he 
persists, to approve of such objectives as these, generally stated by his pupils: 

“I want to grow rats.” (The teacher sees in this an opportunity for the 
youngster to learn something of the nutrition, growth, and reproduction of 
animals and to develop certain attitudes and appreciations.) 

“I want to study photography.” (The teacher sees in this an opportunity 
for the youngster to study some chemistry, to develop habits of work, in addi- 
tion to certain attitudes and appreciations.) 


102 PATTERNS IN TEACHING SCIENCE 


An excursion 
into developing one's own statement 
of objectives 


Some teachers may be interested. in developing their own objectives. 
"Two selected cases are presented below, and another cited, for this purpose. 


Case 1 


The following list of objectives of science teaching has been set forth by 
R. Will Burnett? These are relevant to an area of need which Burnett stated 
as follows: "It is desirable that young people develop scientific or critical 
attitudes and abilities." This is a component of the larger developmental task 
of young people which involves their development of a personal philosophy 
or “world view.” 

Now let us look to Burnett's list of objectives which stem from this need: 


1. Ability to discover problem situations. 

2. Ability to delimit problems into workable and procedural proportions. 

3. Ability to develop critical. hypotheses. 

4. Abihty to secure expeditiously relevant, authoritative reference data. 

5. Ability to secure experimental or observational data critically and expe- 
ditiously. 

6. Recognition of bases of authority in any field. 

7. Ability to work cooperatively. 

8. Ability to recognize personal bias and to consider it in making judgments. 

9. Disposition to allow ascertainable facts to speak louder than prejudice. 

10. Ability to communicate effectively and accurately. 

11. Recognition of limitations of both data and conclusions. 

12. Willingness to reopen issues if new data are available. 

15 Recognition of approximate nature of truth. 

14. An explicit understanding of major aspects of “the scientific method.” 

15. Recognition of applicability of scientific methods to many nonscience 
problems. 

16 Recognition of essential synonymity of scientific and democratic proce- 
dures. 

17. Recognition of necessity for planning on complex issues. 

18. Recognition of universality of cause and effect relationships. 

19. Aggressive interest and ability in determining causation even in com- 
plex and controversial fields. 

20. Critical understanding of differences in several historical and contem- 
porary conceptions of truth and an methods of formal inquiry: scientific method, 
magic, supernaturalism, reason, observation, experimentation discrete. areas, 
trial and error discovery, scientific planning, and pragmatism. 

21. Faith and allegiance to the scientific method as against narrow, piece- 
meal understandings of jt or awe inspiring. glamorous, "almost magical" con- 
ceptions of science and professional scientists. 

22. Recognition of limitations of scientific methods particularly when ap. 





——— 
32 R, Will Burnett, "The Science Teacher and His Objectives," Teachers College Record, 


15, 211, Columbia U., Jan. 194. 
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5. (a) Differentiates between statements that describe observations, Le, “facts,” 
statements which are hypotheses about facts, and statements that introduce new 
words . 
(b) Recognizes meaningless statements, €g, statements which are not defini 
tions, are not verifiable by observations or do not bave rmphlications verifiable by 
observations, and are not mathematical or logical propositions | 
4. (2) Draws valid inferences from graphs, tabular data, expository material, 
and other gsven mformation. . y 
(b) Recognizes what assumptions are to be maintained in drawing inferences 
from data. 
5 Selects data which are pertinent to a problem. 
6 Crineizes data (tabular, graphical, or other) which have been collected to 
aid in the solution of a problem, with respect to: 
(a) pertinency to dhe problem, i : 
(b) accuracy of tbe data and reliability of the method of collection, 
(c) sufficiency 
7. Criuieizes ynferences drawn from data by recognizing whether a supposed 
inference 1s an implication of the data, unrelated to the data, or contradicted by 
the data 
8 Estimates probability of the inference and criuczes given estimates of 
probability 
9 Selects the hypothesis, from a group of hypotheses, which most adequately 
explains given data 

10. Recogmzes tbe approximate or tentatye nature of hypotheses, 

11, Recognizes what assumptions, beyond the data, have to be made in the 
formation of hypotheses 

12. Criticizes hypotheses as to: 

{a) accordance with the data, 

(b) adequacy of explanation. 

13 Criticizes experimental procedures as to: 

(a) pertnency of the procedure to the problem, 

(b) isolation of the experimental variable by proper controls, 

(©) accuracy of the observations, 

(d) sufficiency of the number of observations or repetitions of the experiment, 

(e) validity of the assumptions involved in setting up the experiment. 

14 (a) Recognizes the existence of errors of measurement. 

(Œ) Recognizes when the precision of measurement given is of a degree war- 
ranted by the nature of the problem. 

(à Crticizes a stated precision of measurement according to the precision of 
the measuring instruments used. 

15, (a) Recognizes what assumptions have to be maintained in generalizations 
from the results of an experiment. 

(b) Crinenes the validity of generalizations from the results of an experiment 


to new situations, according to the degree of similarity of the new situation to the 
experimental situation 








Notice that no particular subject material is cited, the behaviors described 
are required ın many areas of science. Perhaps you wil] find it useful to exam- 


ine certain of these listed behaviors in terms of how they could be practiced 


by students in the courses you teach, or plan to teach. These behaviors listed 


by Burke are drawn from the dynamic of science; to us they are science. 
Opportunities to practice them are inherent in all the subject material of the 


sciences. 
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An excursion 
into developing one's own statement 
of objectives 


Some teachers may be interested in developing their own objectives. 
Two selected cases are Presented below, and another cited, for this Purpose. 


Case 1 


The following list of objectives of science teaching has been set forth by 
R. Will Burner: These are relevant to an area of need which Burnett stated 
as follows: “It is desirable that young people develop scientific or critical 
attitudes and abilities." This i à component of the larger developmental tash 
of young people which involves their development of 2 personal philosophy 
or “world view.” 

Now let us look to Burnett's list of objectives which stem from this need: 


1 Ability to discover problem situations. 

2 Abihty to delimit problems into workable and procedural proportions, 

3. Ability to develop criucal hypotheses. 

4. Ability t0 secure expeditiously relevant, authoritative reference data, 

5. Ability to secure experimental or observational data Gittally and expe- 

ditiously. 

6. Recognition of bases of authority in any field. 

7. Ability to work cooperauvely. 

8. Ability to recogmize personal bias and to consider it in making judgments. 

9. Disposiuon to allow ascertainable facts to speak louder than Prejudice. 

10. Ability to commumiate effectively and accurately, 

1. Recognition of limitations of both data and conclusions. 

12. Willingness to reopen issues if. new data are available, 

15. Recognition. of approximate. nature of truth. 

14. An explicit understanding of major aspects of “the scientific method.” 

15. Recognition of applicability of scienufic methods to many nometas 
problems, 

16. Recognition of essenttal svnonymity of scientific and democratic proce. 
dures. 

17. Recognition of necessity for planning on complex issues, 

18. Recognition of unnersality of cause and effect relationships. 

19. Aggressive interest and. ability in. determining caution. exen in com. 
Plex and controversial fields 

£0. Critical understanding of differences in several historical and contem- 
Porary conceptions of truth and in methods of formal inquiry: scientific method, 
magic. supernaturalism. reason observation, experimentation in discrete areas, 
trial and error discovery, scienufc planning, and pragmatism, 

?1. Faith and allegance to the scientific method as against narrow, piece. 
meal understandings of it or axcimspinng glamorous, “almost magical” can. 
CPtions of science and professional scientists. 4 

22. Recognition of fimitations of sacaufe methods particularly when ap 

—— 
AR. D her and Hu Ot, 
^ tu C Dore 5 IM Science Teacher 


yectives.” Teachers College Record, 


VERAVIORAL OBECIIVES vae 


plied to areas where control 1s difficult and where contingencies and imponder- 
ables are numerous f ] 

93 Undersrnding (hat although science may determine which of alterna- 
tne defined goods or bads are mast conducive to the outcomes specified in the 
definitions, science itself cannot determine what 1s good and what is bad. Recog- 
nition that the pragmatism of science is a method and a philosophy, but that 
moral codes depend upon ethical considerations that are, in part, of a different 
order from science. 


Now if some of the objectives above are written in our formula for be- 
havioral objectives, they might look Ihe this 

7. Ability to work cooperatively among other things, works without fric- 
tion with partner in the general science, chemistry, physics, or biology labora- 
tory, takes effective part in class committee work and contributes his share; 
helps build an exhibit: does ns share in keeping the classroom clea 
turn in feeding classroom animals. 

9. Disposition to allow ascertamable facts to speak louder than prepn- 
dice: when he doesn’t know, states, "I don't know"; reacts to acts of racial 
bias by ashing “What are the facts?", in hus class discussions, tends to try to 
ascertain the facts; questions background of sources of statements which shaw 
prejudice; brings in newspaper articles which report acts of prejudice (where 
scientific base can be ascertained) for discussion in class. 

18. Recognition of uni ersahty of cause and eflect relationships: uses if- 
then relationship, questions explanations which involve animism, anthropo- 
morphism, or teleology, or are untestable; when confronted by “superstition,” 
looks for observable cause effect. relationship; in specific problem situation 
(problem doing), searches for cause when the effect is given (eg. lightning: 
thunder, clouds. rain, germ. disease; vitamin deficiency: avitaminosis; hemo- 
globin defect anemia, defective fuse: power failure; etc.). 





i takes his 














5-1. Try your own abilities by stating one or more of the remaining “objec- 
aves" as behavioral objectives. 


5-2, Inspect the objectives of a course of study you are teaching, or will teach, 
and state them as behavioral objectives. 


Case 2 


The aims of a curriculum, or its objectives, may be stated in ways other 
than “behavioral objectives.” although our own preference is clear, They may 
be stated not only as "needs" but as "problems of living." One such statement 
fully developed is that upon which The Curriculum Framework for Georgia 
Schools, Atlanta, 1954, is based. 

Essentially, the major problems of living selected apply to all levels of 
the curriculum from kindergarten through adult education. These are: 


Achieving and maintaining physical and mental health 
Making a vocational choice and earning a living 
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Performing the possibilities of citizenship 
Conserving and utilizing resources 
Communicating information and ideas 
Expressing aesthetic values 


Note that these might easily be called “developmental tasks.” 

The teachers and curriculum consultants who proceeded to develop each 
of these problem areas programed some “Suggested Experiences based upon 
Objectives of Education and Growth Characteristics at Various Levels of 
Development.” 

For instance, note in the sample that follows on the problem area, “Con- 
serving and Utilizing Resources,” how the teachers developed differing activ 
ties or “experiences” for various groups ranging from the kindergarten through 
the secondary school to adult education courses; we quote only the portions 
dealing with grades 7-12. While the particulars useful for Georgia may not be 
useful for Massachusetts, Texas, California, or Hlinois, the approach is ap 
plicable anywhere to any subject. 





CONSERVING AND UTILIZING RESOURCES 34 


Lower secondary grades 7-8-9 2 

1. Developing and apphing plans for preventing or controlling erosion on 
the school grounds or on community playgrounds and parks. 

2. Cooperating with local agencies in developing plans for reforestation in 
the community, insect and rodent control, and stocking ponds and streams. 

3. Discussing protective agencies, such as the State Board of Health, 
Welfare Board, loca! hospitals, and the procedures for securing help from these 
agencies. » 

4. Making individual ume and activity studies to see if the time and energies 
of each are being used to best advantage. : 

5. Visiting a cold storage plant and other industries to see how man has 
found better ways of conserving resources. . 

6. Inviting leaders of local industries to discuss the various ways in which 
our natural resources are used, such as cotton and its by-products. 


Upper seconda ades 10 11-12 2 . E 
V tanning and camping out home and comraunity projects Ín reforesta 


tion, water control, soil building, or other activity dictated by need. - 

2. Preserving foods, visiting freezer lockers, canning plants and the like. 

3. Reading and discussing with. people to find out how and why our gov. 
ernment controls the use of certain essential natural resources and how gov- 
ernment research projects affect local communities. 

4. Surveying. cataloging, and using loca} human resources, 

5. Studying and discussing the way man uses “social invention™ to develop 
ways of improving his use of all resources. . 

Ts Inter iewing or wnting persons connected with the Chamber of Com- 
merce or other civie societies to find out how they influence consumer choices. 

7. Reading about and ducussing how the choice and use of foods is in- 
fluenced by the standards set up by health experts. 


——— 
"The Curriculum Frameuork for Georgia Schocts, Mlanta, 4^1, 
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8 Studymg the development of advertising and its effect on consumer 
choice. f 
9 Reading and discussing laws which affect our natural resources. 


5-3. These objectives are stated in a form which readily allows them to be 
restated m the behavioral form we have recommended, You may want to try 
doing this 


5-4. Or restate the “problem area” as a behavioral objective [or the elementary 
school. 


5-5. Or restate the “problem area” as a behavioral objectne for the secondary 
school, 


5-6, Or state Problem \rea C (Citizenship) in terms of several behavioral 
objectives, say, three or four. 


Developing your own objectives 


In developing your own objectives. you may find it desirable to examine 
not only the studies of. Kearney, French,!* and Stratemeyer,!* but also the 
studies of a Committee of College and University Examiners titled A Tax- 
onomy of Educational Objectives, Handbook 1, Cognitive. Domain? "This 
study includes a classification system, brief definitions of the categories in the 
system, and a few examples of the objectives belonging in cach category. 

Use of the taxonomy, as stated by the authors, "can also help one gain a 
perspective on the emphases given to certain behaviors by a particular set 
of educational plans. Thuy, a teacher, in classifving the goals of a teaching 
unit, may find that they all fall within the taxonomy category of recalling or 
remembering knowledge.” A study of the taxonomy may give you a new view 
of the material you have been teaching and its potentialities for helping stu- 
dents act lke scientists. 

As vou approach the selection and statement of your own objectives, you 
may want to begin by gathering a hbrary of curriculum studies. Note the 
dates of publication and the variations, between the earlier and the more 
recent ones, of the form in which objectives are stated, Some interesting 
examples and discussions appear in various journals of education, eg, The 
Science Teacher and Scrence Education. Others are available, for a small 
charge, from state departments of education and from cities. The bibliog- 
raphies at the ends of Chapters 12 through 16 in Section II list many inter- 
esting statements for the specific science courses: general science, biology, 
physics, chemistry, and physical science. Over the years the collection of such 
a library will be a major factor in the thoughtful consideration which will in 
turn result in improved science teaching in your school. 








14 X. C. Kearney, op. cit. 

1. French, op. ai 

A6F B Stratemeyer, op. ei. 

1TEd by Benjamin S Bloom, Longmans, Green, N, Y., 1956 
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CHAPTER 6 


Patterns in teaching science: 


Winning the concept 


4 note at the beginning: Poor teaching lacks either soundly conceived objec- 
tives or soundly conceived learning activities; the poorest 
teaching lacks both, the most effective lacks neither. In 
our experience sound objectives cannot be extricated from 
the teaching process; the soundness of the learning activity 
serves the objectives and derives from them. Our experience 
with beginning teachers and with the improvement of the 
teaching practices of experienced teachers indicates that, 
while their objectives are sound, their inadequate notions 
of what an effective learning activity is often lie at the 
base of poor teaching. Apparently it is not enough to have 
sound objectives. 

When one looks at learning and teaching, the two 
sides of the same coin, one recognizes that the intent of the 
good teacher is to help the student deselop concepts. We 
shall propose that the most useful way of doing this is 
through the learning activity; the student himself goes 
through the process of forming concepts. Similarly we 
shall propose that the meat of science, its content, is the 
concepts and conceptual schemes of science. 

Then concept formation is the intent of science and 
the concepts formed are its content. When this intent and 
this content are fused in teaching (and, therefore, in learn- 
ing), effective education in science is approached. 


The meaning of concept 


When a student calls sulfur a metal, when he identifies a circuit as in 
parallel when it is obviously in series when he searches for the seeds of a 
fern plant, it is possible that he has a faulty concept or cannot call the appro- 
priate concept to mind. 
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The test of the understanding of a concept is appropriate behavior when 
faced with alternatives, in short, proper interpretation, For instance, under- 
standing of the appropriate concept enables one to choose the proper alter- 
native 


Is sulfur a metal or a nonmetal? 
Does a fern plant produce a seed or a spore? 
Are these connections im parallel or i series? 


These alternative choices relate to subject matter, it is true, but the ideas 
expressed relate to other, possibly more important, choices: 

Shall I neglect the growth on my skin or go to the doctor? (Depends on an 
understanding of the concept of normal and abnormal growth of cells.) 

Shall I store this inflammable materia) near the kitchen stove or in a 
more secluded place away from sparks and flames? (Depends on an under- 
standing of the concept of burning ) 

Every action is based on a choice, an interpretation (except possibly re- 
flex action). Actions depend generally on an understanding of concepts, ap 
propriately applied. 

Concept as pattern, You and I do not attend to everything. We tend to 
ignore the insignificant, we concentrate on what is significant fo us, or we 
disregard what we do not see as fitting our purposcs. We tend to see the scene 
before us as a whole, in terms of relationships, chat is, in a pattern. As teachers, 
we sce a classroom in activity, with students participating in all ways; we may 
not notice the single child who 1s very shy, quiet, not participating A 
psychiatrist would probably apprehend the situation a bit differently; he 
might actually “see” the shy child to the relative exclusion of the rest. A 
spectator watching a baseball game sees Williams or Mantle hit a home run; 
the coach of the scored against team sees his pitcher's weakness; the happy 
batter sees hus home run total or the disappearance of his slump; the experi 
enced observer sees that the so-called Williams or Mantle shift was not eflec- 
uve. 

We organize the scene we are watching, and try to see it as a pattern. Our 
thought processes seem to call up the simplest pattern describing the scene. 
This simplest pattern which helps us to order the events around us is a 
concept. A concept is a reduction, in a sense, of events to a recognizable 
configuration 

For instance, HCl, HNOs, CH;COOH, H;PO, are acids, and KOH, 
Ba(OH)s, and ANOH); are alkaline substances We recognize the configura- 
tions; we have reduced the pattern of ionizable hydrogen (H+) to the simplest 
pattern (for purposes of elementary chemistry), the concept of acid substances. 
Similarly, OH- has been patterned in the concept of basic substance. Now 
this is not the entire concept, but it is a configuration which helps students 
see a number of facts in a single pattern. By the same token, we can recognize 
that a concept has been learned, or is operating, by the appropriate response 
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made to choices (problems) involving the concept. Thus, do we use blue or 
red litmus paper in testing for an acid? a base? 

It would be well at this point to note the difference between a concept and 
a conceptual scheme: A conceptual scheme is a relationship between a num- 
ber of concepts. 

We have a concept when we recognize the common elements in a situa- 
tion or group of situations (e.g, when we note the MA in a set of different 
simple machines) Noie, however, that we not only recognize and identify 
the common element, we also ignore the many details in which the situations 
differ. Thus for the concept of acids we ignored the other ions (PO,-~~, 
NO;-, CH,COO-). 

The two faces of a concept. À concept helps us discriminate, or classify. 
Thus a goose, a grass frog, a rabbit, a mosquito, 2 banana plant are classified 
because we have the concepts of bird, amphibian, mammal, insect, and plant. 
We have concepts of pulley, lever, and inclined plane, and can classify simple 
machines accordingly, Concepts then help us discriminate, or classify, or 
analyze. 

The possession of concepts helps us to associate or combine, as well. Thus 
the goose, frog, and rabbit are also vertebrates; the inclined plane, pulley, and 
lever are also simple machines. We expect a goose to have feathers and a warm 
body, and to lay eggs; these are associated in the concept “bird.” Concepts, 
therefore, help us combine, or associate, or synthesize also. 

Thus a concept is never a single thing; it helps us achieve meaning 
through discrimination or association. Was it not Einstein who defined science 
as experíence in search of meaning? May we not define science as activity in 
search of concepts? Concept secking, together with its end, concept formation, 
becomes a legitimate, indeed the central, objectise of the science teacher, 


Concept formation in science 


When students of biology first grasp the significance of the concept of 
"organism," they see it as an organization oi protoplasm with a structure 
serving its specific functions. They sce multicellular organisms as being built 
up of organs; the organs, of tissues; and each tissue, of cells with a similar 
function. Similarly, if we accept science as consisting of a scries of conceptual 
schemes which help us understand the physical world, then conceptual schemes 
are made up of concepts: concepts, of a series of related elements ar facts; and 
facts, of the data which result from observation. 

A conceptual scheme (such as evolution) involves many concepts (eg. 
mutation, variation, sedimentation, geographical barriers). 

A concept includes similar elements, related facts (eg. the concept of 
mutation for any specific case includes the related facts of specific gene 
changes, a related gene, and evidence of a change of that gene into another; 
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thus the gene for red eye in Drosophila changed into the gene for white eye). 

A fact is based on many observations (e.g, Morgan and his coworkers 
observed a number of mutations). 

A major objective o£ science teaching 15 to help students understand the 
major conceptual schemes which scientists have developed. Curriculum plan- 
nung (Section IIT) and lesson planning (this section, Section If) are simplified 
when teachers consciously undertake to develop a course of study around the 
mayor conceptual schemes of the area being considered, and to develop their 
daily work around the concepts underlymg these conceptual schemes. The 
laboratory and the classroom then become places for discovery, for discrim- 
inating and associating data ito facts, facts into concepts, and concepts into 
conceptual schemes. For concepts have meaning when they are applied in 
discrimination or associanon. 

For instance, the conceptual scheme, “matter is composed of atoms,” can- 
not be derived solely from experience. The concepts built by experience alone 
im this case may not be entirely correct. A block of wood looks and acts as if 
it is solid. In the laboratory, however, destructise distillation shows that it is 
made up of parts, molecules. At least one type of these molecules, water, may 
be split clectrol, tically, into oxygen and hydrogen. Thus in the classroom and. 
the laboratory experience is bolstered by deliberate experiment, and the factual 
data can be built up step by step into conceptual schemes, (A conceptual scheme 
4s about the same thing as a “broad principle," or a “generalization”; for us, 
however, the term conceptual scheme has more meaning.) 

Conceptual schemes then are the chief forms of knowledge that science 
teachers seek to make part of the intellectual equipment of their students. 

Ihe knowledge gained in understanding such schemes, arbitrary as the area 
encompassed by any such scheme may be, is transferrable; it may be applied to 
many situations. Note, for instance, what the understanding of the periodic 
nature of the elements (a conceptual scheme) confers upon a student in chem- 
istry. the combination of metallic and nonmetallic elements, valence, relative 
activity of various elements, etc. (concepts). 

Tt is almost obvious that individuals could not discover for themselves all 
the conceptual schemes already known, and probably not even all they need 
for daily ising in our society. Hence the need for teaching and teachers to 
recreate efficiently in the young the heritage of the past—both the attained 
conceptual schemes and the means of attaining them and others of the future. 


Concept formation, problem seeking, and problem solving 


‘The teacher of science is often the only science expert in his school com- 
munity; he is the one who interprets the way of the scientist to his community. 
We propose to develop in this section the idea that his pattern of teaching needs 
to be in the mode of science. That is, his course of study, his unit plan, and 
his daily lesson plan are aimed at the central purpose of the scientist: concept 
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formation to serve the formation of a conceptual scheme which helps us unde 
stand the world in which we live. 

Now concept forming includes many teaching activities. There is drill, for 
instance, 10 develop skills such as writing chemical equations or solving prob- 
lems of genetics or soh ing problems of mechanical advantage. There is review 
activity of large concepts as they are applied (new view, rather than review). 
"There is the field trip activity, the film activity, the skill activity in the labora- 
tory, and so forth. 

Nevertheless, it is our proposition that even simple skill-directed activities 
are best harnessed jn the activity of learning when they have a concept-forming 
function; the very nature of learning, as we understand it at present, consists 
of problem-solving activities leading to concept formation. And furthermore 
the teacher's major function is to use all that is known at present about learn- 
ing, and 10 apply it so successfully that young people learn to identify problems 
and solve them in order to form concepts. These concepts are to be so im- 
portant, so functional, that their understanding and application leads young 
people to live more effectively. 

The kinds of problems a teacher helps his students identify are coincident 
with that teacher's objectives. The way these problems are solved in the class- 
room is identified with his methods. And the kinds of concepts formed, their 
scape, and their sequence are identified with the teacher's curriculum. It is for 
these reasons that we propose that a modern approach to science teaching must 
not consider problem soh ing alone, but must in the light of learning theory 
consider also problem seeking and concept formation, 

If our proposition is sound, as it seems to be on the basis of the learning 
theory to be discussed shortly, then a teacher's objectives will determine the 
kinds of problems he will help his students identify. If he sees physics as a 
discipline based extensively on mathematics, he may conceive the problems in 
terms of quantification only. At once he excludes the science shy (slow Iearner) 
from his class; he may even permit himself the luxury of reasoning that his 
course is college preparatory. He fails into this error, it seems to us, by a curious 
reversal of logic: he excludes non-college«estined students by the nature of his 
objectives; nov all his students are college«destined. Quod erat demonstrandum: 
his course prepares students for college, and he has evidence of his achievement 
in that his students do go to college with some success. 

On the other hand, a science teacher who recognizes that most of his stu- 
dents, no matter what their future plans, will indeed handle physical apparatus, 
such as toasters, blenders, vacuum cleaners, radios, TV sets, automobiles, may 

alter his objectives to include the kinds of problems these young people will 
meet at home. Since high 1.Q., science proneness, and a Lnowledge of mathe- 
matics are not required qualifications for marriage or citizenship, a high 
degree of quantification and mathematics in physics may not sene these stu- 
dents. Hence the need for different kinds of problems for such students, and in 
consequence a ditferent degree of expectation in results. For instance, while 
some snidents in ihe physics class might solve complicated circuits using Ohm's 
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law, it might be sufficient for others to realize that overloading a circuit has 
its penalues as described by this principle. ] . 

Nevertheless, whatever the objectives and whatever the curriculum, neither 
can be divorced from method. Talk, and it has been considerable, of whether 
a teacher needs more of method or more of content in otder to be at his best 
ignores our central thesis: problem seeking, problem solving, and concept 
forming are inextricable. Concepts are formed through the solving of problems: 
what concepts are formed depends on what concepts are sought. This in turn 
depends on what problems are sought out or identified, and in turn the con- 
cepts formed furnish the matrix, the base upon which further problems are 
sought. As we have indicated, the tendency of the scientist to seek problems 
(really concept seeing) has often been called “curiosity.” 


Learning theory in relation to concept formation 


What does a child do when he faces a new, ambiguous situation, that is, 
a problem? How does he make the new situation part of his experience so that 
he will be able to cope with it the next time? How does he go about solving 
the problem so that he forms the necessary concepts? 

"Many studies in the psychology of learning have contributed to our under- 
standing of these things. Cronbach! has summarized these with considerable 
insight. Applied to the methods which are our center of interest, the teaching 
of science, these studies may help us develop a scheme to illuminate the way of 
the teacher in the science classroom. 

First of all, let us agree that learning is shown by a change in behavior, 
a new kind of response to a situation. Furthermore, if 2 change in behavior 
occurs, it is a result of some experience. Experiences which result in a change 
im behavior (learning) properly belong wherever teaching takes place; one of 
these places is the classroom. 

To test learning, the teacher determines whether a given response occurs 
consistently an a given situation. The student learns, therefore, through re- 
sponding to situations, as each situation is met, a Tesponse is tried, and the 
consequence of the response is evaluated. Every response then is a learning 
activity, since it teaches the learner whether his response produced the desired 
result or not. 

Goals of the learner. Each learner has goals he wants to attain. ‘These 
goals may be some object, 2 response from another Person, or an internal feel- 
ing: they may be immediate, distant, or somewhere in between. A respectable 
grade, approval of parents and friends, the satisfaction of doing well, entrance 
in college-all are goals Goals direct the energies of learning. © 

Readiness of the learner, A student's readiness consists of all the responses 
(knowledges, shills, atutudes), all the applications of his available concepts, 


1L. J. Cronbach, Educational Psychology, Harcourt, Bras e * 
Pp. 45 66. ogy. te, N, Y, 1954 See especially 
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which he brings to a given task. Clearly this depends on his previous learning, 
his inherited capacity, and his maturity (physical, emotional, and mental). A 
student's readiness, briefly, indicates what he is ready for and what his limits 
are, High school teachers sometimes underestimate the readiness of students 
through underyaluing elementary and junior high school instruction. Or they 
may overestimate the amount of content recalled from previous learning. Be 
that as it may, students do come to high school with a certain amount of readi- 
ness; they have applied a good number of concepts in many areas (see Chapter 
11, Science in the Elementary School, and Chapter 15, The Course in General 
Science). 

The effective teacher determines by some form of pretesting the Kinds of 
concepts his students have; in so doing he is partly determining their readiness, 
The more mature (ready) a person is, that is, the greater his understanding 
of the way the world works (a function of his concepts), the more likely he is 
to direct his efforts toward distant goals. 

The situation. This consists of all that the learner can observe: people, 
objects, reactions, and symbols. The teacher's shill is shown in the way he sets 
up learning situations and the way he takes advantage of those which “just 
happen.” Experience in one situation is a template for helping the learner 
respond effectively in similar ones. Effective science teaching consists in having 
experiences in search of meaning. Thus, since goals direct effort and readiness 
invites choice of goals, the learning situation should be set up to help the 
learner reach his goal. 

For instance, having students learn how an automobile engine works with 
the engine before them is effective, but it is even more effective if the class 
recognizes the need to understand the engine because each student wants to 
drive a car (goal). It becomes still more effective when students plan the activi- 
tics they want to undertake before they study the engine. In this way students 
assess their own readiness, bring to consciousness recalled knowledge and con- 
cepts, and define more clearly their individual goals. 

Compare this with a teaching pattern in which the teacher proceeds from 
a diagram of an internal-combustion engine, demands a uniform level of under- 
standing despite a wide variation in readiness, and does not make the reason 
for the study significant to the students, It is not surprising that the diagram 
and its labels are soon forgotten, and the real engine, problems of gasoline 
combustion and all, has to be learned anew, and for the first time truly, with 
the first engine failure. 

interpretation. Interpretation is 2 key process in concept formation, In 
interpreting, the learner selects; he directs attention ta the significant parts af 
the situation, he relates to other experiences, he predicts the consequences of 
his responses, 

A student confronted with the problem of determining whether the solu- 
tion before him contains NaBr or NaNO; may apply his knowledge of the 
ARNO, test for chlorides. He might, on the basis of his previous learning, 
interpret the situation as follows: 
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1. Siler, from silver nitrate, produces a precipitate with chlorides. 
2. A chloride is a halogen. 
3 A bromide is a halogen. 
4 Since halogens behave similarly, it is reasonable to expect that AgNO; 
will produce a precipitate with a bromide. 
5. He adds AgNO, and a precipitate forms. 


Please note that the concepts in his mental equipment (halogens as a family, 
precipitation as a test, the chloride test) help him in further concept forma- 
tion (a tentative test for a bromide) Note too that the cancepts in his possession 
enable him to identify a problem. to secl it out. That is, if he had not mastered, 
to a certain extent, the prior concept, he could not conceivably have asked 
humself, “Will AgNO, precipitate a bromide*" Thus readiness helped direct 
his choice of the problem sought. In short, a concept is formed out of first seek- 
ing, then solving, problems. (Might not the latter be called concept seeking?) 

Response. According to Cronbach? a response may be either “an ac- 
tion or some internal change that prepares the person for action.” By this 
definition Cronbach includes as responses abseryable movements, spoken re- 
marks, increases in internal tensions, and changes in physiology hidden from 
the observer. Provisional responses, or trial and-error responses are made when 
the learner is not sure of his interpretation, 

Consequence, In any event, there is cither confirmation or contradiction 
of the interpretation, When the interpretation is confirmed, the learner is 
pleased and wilt in a similar situation repeat what he has learned; he will 
have added a new response to his repertoire. When, however, the prediction 
fails, the learner is “thwarted”? and may react in various ways. He may try 
different responses: the trial-and error type or the type based on reason, an 
attempt to reinterpret the situation. Or he may give up, or act in a way which 
might be labeled misconduct (by changing his goals to those he believes he can 
attain, i e,, 1 not to be the best student, then at least the noisiest). 


The elements of learning we have been discussing have clean-cut relevance 
to the way of the scientist (Section I). We have said that the central goal of the 
scientist is to develop the concepts which help him explain the world of experi- 
ence. Each situation before him is interpreted in the light of the conceptual 
scheme he has previously developed. A phenomenon which does not fit the 
interpretation rarely completely thwarts the scientist. His adaptive behavior 
is to restate the situation as a problem, to define it clearly; he responds to this 
problem by designing a series of observations or experiments which will help 
him gradually remterpret or modify the conceptual scheme. Those who behave 


this way bring to their problems a great deal of training, conditioning, self- 
discipline—readiness. 





In terms then of rhe ways of the scientist (not the science student), problem 


20p at, p 50 
3 Cronbach, op. et. (Thwarting 1s made a separate category) 
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solving is in a real sense concept seeking, done within the framework of a prior 
conceptual scheme. When considering problem solving schema it is an error 
to begin with the problem, for problem solsing does not occur de nove, The 
scientist is not a newborn child; neither is the student. Problem solving to the 
scientist begins with 2 concept, and continues with that concept being applied 
to a new situation. A problem arises when that concept, expected to be ap- 
plicable, is not applicable. 

Now for the science student this is somewhat, but not wholly, different. 
It is at this point that science “problems” are significant, rote, or clearly 
fraudulent. Suppose the teacher does set up a problem: How is pure oxygen 
generally prepared? Suppose the student is already in possession of the con- 
cept. Is he still forced to go through with the procedure? Is he forced into 
nonproductive behavior, mere busywork? 

Hence we submit that the problem-solving approach, if melded with what 
we know of the learning process, would be modified as follows: 


1, A situation occurs. This may be planned by the teacher (what is this 
chemical solution?) or be an incident (what is the cause of this hailstorm?) 

2, The readiness of the class is determined. What concepts do the students 
have? How varied is the readiness within the class? How closely is the situation 
identified with the experience of the students and their goals? This may be 
determined through discussion, through questions that require concepts to be 
used in making predictions, 

3. The inadequacy of some of these predictions, which do not agree with 
the phenomena, then becomes the initial problem. Others may arise later. 

4. The solutions to these problems are then sought through observing 
and experimenting. 

5. The solutions lead to new interpretations, to new concepts, to the state 
ment of new problems, to the solution of the new problems, and again to new 
concepts, 

6, On the basis of these concepts new reading, new observing, new experi» 
menting is done. This leads to further concepts, to further problem secking, to 
further problem solving. and to new concept formation. 


We submit then that the approach of the high school science teacher to 
constructive science teaching begins with students, who have various concepts 
in various stages of formation. However formed, correct or erroncous, the con- 
cepts exist or do not exist; at least the base for them exists if only because the 
students have lived before they enter the class. The facts are that they have 
alo had specific science experience. The science teacher then proceeds some- 
what as follows: 

1. He has students who possess concepts about the way the world works. 


2 Nis goal is to help his students understand better and with greater 
velf assurance haw the world works. 


3. He sets up learning situations in which his students’ readiness is tested. 
4. If the concepts his students possess are not sufficient to interpret the 
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situation properly through correct responses, the class seeks to set up problems 
which will help them get the concepts b+ which they can respond correctly. 
5, A correct response builds up, reafhims the concept. 
6. The teacher then deselops new learning situations to build further 
concepts toward a. conceptual scheme, through appropriate problem seeking 
and soh ing. 


Problem solving is not then at the center of the method of the science 
teacher, concept forming is. Problem solving ts a way of getting at concepts: 
rt as the act of seeking them 


Eurekas—big and little 


This section, and tlis utle, are not entirely flights of fancy. We include 
them because we believe they will have value in the way teachers can help 
youngsters learn, thiy 1s the function of a text on methods. 

Perhaps the story of \rchimedes arising from his bathtub shouting 
"Eureka!" a3 a fight of fancy But tf he did not get his principle, his concept, 
ina “flash af might. surely many others did. 

We have all had the experience of getting an idea at odd moments—in the 
bathtub, taking a walk, shaving, reading. Suddenly there it is* Flasht Éurekat 
‘The concept which has been forming is attained. We shall denote by the word 
"Eureka" the flash of concept attainment, of discovery. 

Of course, the cerebrum has been “mulling” over all the information fed 
to it by the information gathering devices of the human body: the ever-present 
stimuli to eyes, ears, nose, tactile senses, information from reading, from listen- 
ing to others, from the questions asked in sequence, either by oneself or by 
others “Thought,” whatever it may be, may also be an unconscious process, 
going on without our “Knowledge.” Suddenly the thought processes, or the 
insights, or the responses to stimuli or questions “mesh,” and—Eurehat 

We are ashamed of the words we have used, meaningless words like “mesh” 
and “thought” and “knowledge,” because these processes remain without ex- 
planations which satisfy us, Hence the Eureka, to label the sudden, intensive, 
unconsciously evoked flash of insight. 

Young people, too, have Eurekas; in a program designed for the science 
Prone we have noted this again and again.* 





One cannot work long with these youngsters [who do projects on their own) 
without wondering how they get their unusual ideas One wonders whether 
they have a different way of thinking than others. Of one impression the writer 
is certain, these youngsters get a joy (one called it a "thrill of the brain”) when 
they get an "idea" or make an “original discovery" (attain a concept]... . These 
youngsters gne the impression that they enjoy thinking, Their "Eureka" lights up 
their faces and seems to give them great sausfaction 





2 P. F. Brandwenn, The Gifted Student As Future Scientist, Harcourt, Brace, N, Ya 1955, 
pp. 58-60 (see also Chapter 9, The Science Prone}. DOSE ern 
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But is there any systematic approach that these youngsters have to a solu 
tion of them “intellectual” problems? How do they go about discovering “new” 
relationships [attaining concepts], doing what would ordinarily be called “dis 
covery” 





. Yt appears that when these youngsters first become interested in any 
problem area, there is just random Exploration. In this period of Exploration 
there 1s no focus, just a mental meandering. Then as part of this period of 
Exploranon there seems to be a period of Clarification. This seems to be 2 
period of focus when youngsters narrow down to a special activity, project, or 
problem. 

Once this Clarification occurs, it seems as if the youngsters begin a period 
of Preparation, Thex read, they explore techniques, they discuss problems with 
their advisers, they draw on previous experience. They work consciously, it ap- 
pears, to sohe the problem. 

But here ıs the nub of it. Rarely do they appear to get the “new idea,” the 
"solution," the "approach to the solution" while they are consciously at work on 
the problem. Almost uniformly they seem to admit getting the idea in a “Aash,” 
a “flash of insight” [a Eureka}. f you will. They get this flash while they are 
engaged in another acuity, ¢g, reading literature, listening to music, or walk- 
ing-mainly walking-and when they are not thinking, or rather not conscious of 
thinking of the problem per se. This "flash" is what Wallas * calls Zlumination. 
Walla and Pomcaré . . put forth the notion that a period of Incubation is 
necessary before this "flash" or JHumination. So, too, it seems to us, 

During Incubation, the cerebrum seems to take over, seems to feed back 
the problem to itself as in a computer. Of all this the student seems not to be 
conscious. Then the "flash" . .. Then the solution of the problem, the ap- 
proach. the new road, is laid bare. 

Then the youngster can barely wait to get to work, to embark on a period 
of Venfication Reading, expenment, planning. discussion. are borne lightly, 
for the “way” seems to be clear. The youngster often says, “Now I know where 
Ym going” 

These stages—Explorauon, Clarificauon, Preparation, Incubation (uncon- 
scious), Nluminauon, and Verification~seem to be the vague yet perceptible 
Stages through which these youngsters works The Incubation period, with its 
subsequent IHlumination, seems to be especially characteristic. Is it different for 
scientists than for others? Is it characteristic of all thinking? Is there anything 
to it at all? Does this seem profitable for further investigation? 











* Graham Wallas, The Art of Thought, Harcourt, Brace, N, Y, 1926. (DBranda ein's n) 
The point is that concept attainment perhaps is not 2s often as we think the 
result of a conscious step-by-step process in which the concept yields to irre- 
sistible logic and investigation. We are inclined to the view (increasingly sub- 
stamiated) that concepts are attained, more Ithely than not, as Eurekas.* 
Hence our distaste for the term “problem solving" as used to describe logical, 
wep by step problem doing. For more often than not, problem solving, as char- 





3 Sec Karl Dancer, On. Problems Sohiag, Pychologicat Monographs, Vet 5%, No. 279, 
1913, for many caves that follow this pattern. 

The reader will find these two books of incteaung value in developing his own ideas 
of concept attainment 

JS. Bruner, J J. Gootnow, and G A Awun, t Suds of Thinking, Wiley. N.Y. 1956, 

Goltumphrey, Thinking, Wile, N42 1951 
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acteristic of the scientist, 1s characterized by the Eureka, It is a flash, an act of 
creation, It 15 then, in science, subject to verification. 

As Bertrand Russell wrote: ? "Reason is a harmonizing, controlling force 
rather than a creative one. Exen in the most purely logical realm, it is insight 
that first arrives at what ts new.” Or, in our frame, the concept Hashes into 
consciousness and then one may proceed to problem solving (or problem doing, 
as the case may be). We are forced then im this section to sheer hypothesis, 
not yet verified but, we believe, eminently worthy of investigation. Concept 
attainment cannot be controlled bs the teacher, but the environment for con- 
cept attainment can be controlled (see Chapter 7, Winning Participation). 

By this we mean that the teacher can so ordain his classroom (the climate 
of the classroom, Section b, the opportunities students will have (the pattern 
of classes, Chapter 3), and his manner (managing the class, Chapter 4) that 
students will have the material with which to form concepts and the desire to 
do so. But the concept 1s attained in a flash; the organism, Minerva-like, is full- 
formed. How 1t was put together remains to be discovered. 

How often has a teacher labored vainly to plan a lesson in which the major 
idea comes in logical development at the end of the lesson? How often does 
this meticulously logical teacher (using lecture-demonstration) find a student 
who “has” the concept, who raises his hand frantically? How often has the 
lecturer built up his argument step by step only to find a flash of recognition 
on a student's face long before he has nailed his concept to the board? Concept 
formation can be planned for, through questions, problems, and experiences, 
but in our experience the moment of concept attainment cannot be controlled. 

OF course, there are big Eurekas (Eurehas) and little Eurehas (eurehas). 
Archimedes had a tremendous Eureka; the boy who finds by himself that 
2X 2 and 2+ 2 yield the same result has a little eureka, but a large-sized satis- 


faction. And httle eurekas added one to the other patiently may even lead to 
a Eureka. 


Lesson planning for concept formation 


; We might have headed this section "Planning for Concept Formation" or 
simply “Lesson Planning"; for teachers aim to involve their students in reflec- 
use thinking, leading to concept formation. Therefore, their major care when 
they drill or review or assign is to fix the concepts attained. 

, While the moment of the Eureka cannot be controlled, the pre-Eureka 
period (laying the groundwork) and the post Eureka period (applying the 
Eureka) can be controlled. And the Eureka can be made up of eurekas; eg: 

Lesson 1, A teacher desires to develop the concept of mechanical advan- 
tage (the simple machine). One day when the class meets, the students notice 


T Myslim and Logic, Anchor Books, Doubleday, N. Y., 1937, p. 12. 
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a large cement block with a big eyelet at the top. Student after student tries to 
lift it to the two-foot height requested by the teacher without even budging it, 
until someone suggests a block and tackle (eureka). The block and tackle is set 
up; the block is lifted. How does it work? (assignment). 
lesson 2. Students read overnight and come into the laboratory to do 
various exercises (drill) with smal] pulleys. They test the notion of mechanical 
advantage (post-eureka). 
lesson 3. Next day they come into class; there is the big block again. 
The students are requested to lift the block again to a height of two feet; 
but this time no block and tackle is available. A student suggests a plank 
leaning on a chair, in other words, an inclined plane (eureka), This works, 
The teacher asks for similarities between the two machines. Possibly the law 
af machines is developed (Eureka). Or perhaps some subsidiary concept A is 
followed by another concept B, until the law of machines is formulated (eureka 
A + eureka B = Eureka). 
Note that in this case three lessons were planned together to develop the 
concept sought. Concept formation usually does not occur ín one lesson. Notice 
that one of the lessons (2) was mundane in that it was drill and more drill, 
getting fambar with the concept in one context, then extending it to a "new" 
setting. 
On the other hand, a Eureka may be developed in one lesson. To illustrate: 
A lesson. The class meets to find the teacher facing a two-foot slat of wood, 
with a small piece projecting over the edge of the desk. If he were to hit this 
projecung end with a hammer, the slat would fly out into the class. He asks 
the class how he can instead break it off, A student suggests that he place a 
weight on the body of the stich. Good. The teacher asks one of the bigger boys 
to stand on the desk on the body of the slat and proceeds to raise the hammer 
preparatory to striking the projecting bit. He then looks up at the boy and 
says, “I don’t think you're heavy enough." 
(This is a continued pre-Eurelka situation: dramatization, suspense, puzzle- 
ment. Surely the boy was heavy enough!) 
The teacher then obtains two sheets of a large newspaper and places them 
over the body of the slat. “Now,” he says, “I have a heavy enough weight." 
Suddenly (Eureka) a student raises his hand. “I know! There are 14.7 
pounds of air per square inch pressing on the paper. That's very heavy." (He 
calculates the weight.) Another student raises his hand. “No,” he says, “it's 
inertia.” The students go home to read, to verify—some in post-Eureka (re- 
view), some in pre-Eureka (prior to understanding the concept). 

In short, the most skillful teachers we have observed plan assiduously a 
line of experience, experiments, demonstrations, questions which are pre- 





V Thus teacher never breaks the stich in dass Me feels, and we agree, that students 
should be permited so finish some things themselves, at Lowe, la thie wap, we believe, they 
aclish their Furehas more than ever. 
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Eureka in nature, Their aim is to let the students experience the Eureka, Their 
assignments then are post Eureka, to extend, develop, and apply the concept 
Eureka born. In the next chapter when we speak of the special task of planning 
lessons in science, we shall deal with special methods useful in involving every 
student in concept formation, whether it be eureka or Eureka. 

Now the reader may reject the notion of the eureka and Eureka as not 
useful to him. This is proper Pedagogy 1s not yet a science. But we believe that 
1t as a useful concept to have as an aid in lesson planning, if the lesson has as 
its aim concept formation. We believe that this is indeed the aim of science 
teaching.” 


A pattern for selecting learning sitvations 


‘The central activity then of the science teacher, in his atterapts to help 
children grow by developing concepts toward a satisfying interpretation of the 
real world, is to choose concepts on which to base learning situations, These 
in turn lead children to seek out problems and to solve them. 

Productive science teaching depends on the choice of areas of human ac 
tivity in which science has a part to play. The areas of human activity (atomic 
energy, reproduction, heating, etc.) furnish the area for concept-forming ac- 
tivity This depends on development of appropriate learning situations, which 
are a base for problem seeking activity. This leads to the identification of 
problems, planning of new situations, problem-solving activity, and concept 
formation And the cycle is repeated. 

Which areas of human behavior a teacher or a school selects depends on 
the teacher, the community, the student population, and the administrator 
of the school. In largest part ıt depends on the teacher and his training. 
Margaret Mead !? observed that a teacher expresses in his teaching (that is, in 
lus choice of the ways the children in his class attain concepts) his own style 
of life. Although difficult to verify experimentally, this observation may help 
us fathom the friction which is evident in the relations of those who seek 
their inspiration primarily from subject matter and those who seel theirs 
from the problems of growing boys and girls (the areas of human behavior 
which draw upon concepts). There seems to be all the difference in the world 
between teaching the concepts of science as ends in themselves, and teaching 
them to help sohe the problems of growing children. 

In the subsequent chapters of the section, we shall undertake to look into 
the conditions of science teaching which will enable the science teacher to 


develop a pattern o£ teaching 1n which concept formation becomes an integral 
part of his style of life, 





» Bruner, Goodnow, and Austin, op. at , indicate that their studies of thinking lead them. 
to divide thinkers (Gn the act of concept attainment) into "whohists* and “partsts” Wholists 
seem to get the whole concept in a tremendous scanning process (Eureka); partists break 
up the process (eureka + eureka + eureka = Eureka). 


10 Margaret Mead, The School in 4menicen Culture, Harvard U. Press, Cambridge, 1951. 
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A short excursion 
into planning 
for concept formation 


6-1. What is your major pattern of teaching? Or, if you are not yet teaching, 
what pattern do you think you will follow? 

(a) Lecture (with demonstrations, perhaps) 

(b) Discussion 

(c) Laboratory 

(d) All three, where most useful 
Which of the first three lends itself best to concept attainment by the student? 


6-2. We have suggested the patterns: 


eureka a -+ eureka b + eureka c > Eureka 
Eureka ~ eureka a + eureka b + eureka ¢ 


Do these seem to follow the two main branches of logic? Which one exemplifies 
the inductive approach? The deductive? 


6-3. One of the most effective ways of helping youngsters develop skill 
in concept attainment is to make an opportunity available to them to do ex- 
periments on their own. You will find a treatment of this aspect of work 
throughout this book, particularly in Chapter 9, The Science Prone, and in 
Section V, Tools for the Science Teacher: The Project. 


6-4, These will also be of exceeding use to you in developing your own 
approach to concept attainment: 


Beveridge, W. 1. B, The Art of Scientific Investigation, London: Heinemann, 1933. 
Bridgman, P. W., The Logtc of Afodern Physics, N. Y.: Macmillan, 1997. 
Wertheimer, M., Productive Thinking, N. Y.: Harper, 1945 

Wightman, W. P. D., Growth of Scientific Ideas, New. Haven: Yale U. Press, 1051. 
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CHAPTER 7 


Patterns tn teaching science: 


Winning participation 


A note at the beginning: The surgeon has his basic skill, The teacher has hi 





‘The surgeon nceds to have the skills necessary for success 
an the operaning room; the teacher needs to have the skits 
necessary for success in the classroom, The surgeon shows 
his skill in the “operation”, the teacher shows his shill in 
tlic "Lesson," How many of his students, captive in his class 
can he involve in concept formation? 

The lesson 1s not merely an exercise in applied psychol- 
ogy. It is people, teacher and student, working together 
toward a common goat in sensitive action reaction, in con- 
cept forming We urge the reader not to read this chapter 
without having read the preceding one on concept forma- 
tion. these types of lessons are also discussed. Here we dis- 
cuss the science lesson as a skilled “operation; we dissect, 
as it werc, the teacher's procedure, 

For the teacher 15 known by the lessons he gives, 





The purpose of what follows: lt will be casy to misunderstand What follows int 


n 


this chapter unless wc state our purpose clearly, We cannot 
Xnow what position our readers, the tcachers who will use 
This bool, wil take in regard to their own teaching method; 
we cannot know precisely what pattern they will follow in 
the classroom—Mr. A.’s, Mr. M.'s, Mr. P.’s-or what efement 
of cach they will select and combine with their own ways so 
that their approach is an individual invention, 

We do know, however, that it is the purpose of each 
teacher to teach the best way he can. One of the many ele- 
ments of the successful teacher is his winning of the partici- 
pation of as many students as possible, day in and day out. 

Those teachers who plan with students entist carly their 
participation in planning the goals of che course, its major 
content, its topics, even ways of handling these topics (dis 
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cussion, laboratory, lecture, film, report, panel, discussion, 
field trip, library lesson), and the many procedures which 
students may indeed plan and carry out with the teacher 
(see Section V, Tools for the Science Teacher)? Planning 
with students (as we have indicated in Mr. P.’s pattern, 
p. 78) brings out clearly the goals of the learner and focuses 
them. It enlists the learner; it makes him part and parcel 
of learning and, in that sense, part and parcel of teaching. 

But the learner is still not the teacher; the community 
does not hold him responsible for achieving the goals of 
teaching. It is the teacher who is responsible for the pro- 
cedures used. The teacher is in fact the teacher of any class 
for which he has responsibility. Where planning with stu- 
dents has failed, it has failed mainly because the teacher 
has permitted the students to take over his task, that of 
helping students win new concepts. 

Finally, it is the teacher who must know the techniques 
of winning participation and helping students win concepts, 
His major skill is that of giving a lesson; in the lesson his 
knowledge of the psychology of learning (see Chapter 6, 
Winning the Concept) is clearly evident. 

In our experience as teachers and supervisors of student 
teachers we have come to realize that the major fault of poor 
teachers is to be found in the lesson: they cannot, or do not, 
plan a lesson, and they cannot conduct a lesson to win par- 
ticipation. Somchow many of those who lecture consider the 
audience captive; many of those who plan with students 
resign to the students their role of teacher. The teacher 
should have his lesson well in hand, and when students are 
to conduct it, they must prepare for it even as he prepares 
for it, and with his help. 

The remainder of this chapter is then given over to dis- 
cussion of three major types of lessons: 


1, Where the teacher plans the lesson with a clear 
objective. If he plans with students, this objective will have 
been stated by his students (with his participation), But it 
may be that this lesson is not susceptible to report or student 
discussion but must, because of special Knowledge or skill, 
be planned and conducted by the teacher himself. 

2. Where the teacher lectures, and is therefore clearly 
responsible. 


VIC might be well if the reader were to turn to this section at the earliest opportunity 
in order to simple its content. Otherwise this chapter rizht leave him with the imprewiou 
akan paving lessons per se is the one way to win participation. 
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5. Where laboratory work is indicated and much prepa 
ration must be made, by both teacher and students. 


The most effective teachers plan their work, plan with 
their students, and, in their daily well-planned work, work 
with students to achieve the agreed-upon (because jointly 
planned) goals of the year's work, the year's learning. 


The pattern of the lesson 


Before the beginning of ihe fesson 


Every lesson, as an act of teaching, has a beginning, What isn’t always con- 
sidered ıs that there is also a beginning before the beginning: the lesson plan. 

Planning as a must in science teaching. In few otber areas of teaching is 
planning as essential as in science. Science teaching 15 not chath-talk, It re 
quires equipment—in biology, living things; in chemistry, solutions and ap- 
paratus of all sorts; in physics, calibrated equipment. The equipment must be 
prepared, and often repaired, before use. If equipment is to be used, it must 
be checked Hence, if only because of the need to use equipment, the lesson 
must be planned 

Second, sf a laboratory is to be planned, whether in general science, 
biology, chemustry, physics, or earth science, materials must be prepared. 
Whether or not materials are necessary, the sequence of the development of 
concepts, the methods which will be used to help children in concept seeking. 
should be planned. The casual air of the skilled teacher js based on experience: 
experience in planning and experience in carrying out plans en rapport with 
the students 

Let us disclaim at once any notion that the lessan is to be rigidly planned 
A lesson plan is a guide, not a pair of handcuffs; it must be flexible as human 
relations need to be. 

The plan of a plan, A lesson is very much like the plot of 2 good short 

story. Whether ít be by de Maupassant, Faulkner, or Maugham, the plan of 
the successful short story remains somewhat like thi 





GINNING, MIDDLE, END- 
No matter what it is called—motivation, presentation, conclusion (sum- 


mary or assignment)—these is still a beginning, a middle, and an end, To illus- 
trate these three guideposts Iet us look at two plans taken from a teacher's 
notebook. Right now we are not concerned with analyzing these lessons in 
terms of concept formation; we are concerned mainly with their structure: 


2In the volumes accompanying this text, Morholt, Brandwem, and Joseph, 4 Source- 
book an the Biological Sciences, and Joseph, Brandwem and Morhdls, 4 Firtebook m the 
Physical Sctences, the orgamzation of a squad whose duty s to prepare materials 1s Pully 
uscused, 
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there is a beginning (which gains interest and states the aim of the lesson), a 
middle (which develops the aim), and an end (which gains the end desired and 
extends the lesson). 

You will recall that in the preceding chapter we developed a structure for 
concept formation; this structure too had a beginning (problem seeking), a 
middle (problem solving), and an end (concept forming). But the moment 
when the Eureka occurs, when the concept is attained, cannot generally be 
controlled, that is, it cannot be organized to occur on a given time schedule. 
Nevertheless, we can try to isolate a time sequence of pre-Eureka, Eureka, and 
post-Eureka. The teacher is free to develop his own constructs about lesson 
planning. We cannot repeat too often that teaching is a personal invention. 
But it is helpful to distinguish between partially unconscious processes of con- 
cept formation and the conscious development of information which is some- 
times the central task of a. particular lesson (in the pre-Eurela stage, if you 
will), 

A pre-Eureka lesson. This plan is the teacher's; it is not addressed to the 
students. 


AIM OF THE TEACHER: How Is Blood Typed? 
TO GAIN INTEREST: At a Civil Defense meeting it was suggested that each boy and 
girl carry an identification tag. 
What should be on the identification tag? Response: name, blood type. 
How many of you know jour own blood type? 
METHOD: (Discussion, demonstration, laboratory) 





Key questions and activities. Responses and activities 
TEACHERS STUDENTS. 
What blood types are there? Students suggest blood types (placed 
on board). 
What is the principle of blood typing? Students recognize principle. 
Demonstrate blood typing. Students type blood. Laboratory (I2 
minutes). 


Conclusion: Summary of blood typing. 

Appheanons and Assignments: By reading and remembering make a list of 
ways in which blood typing is important to us. (Whole blood transfusions, crime 
detection, etc} What classifications other than Landsteiner’s test are used to 
describe blood (at least ten other characteristics: Rh, m/n, etc)? How many 
permutations and combinations would all these attributes have? On what basis 
have doctors suggested that the blood of each person who has ever lived was 
iflerent from thar of every orher human? How might we find out what in the 
blood reacts to form the clumpings? 


A modified Icboratory approach.’ This pian is addressed to the students; 
it might be duplicated and distributed to them, or used by the teacher as a 
guide. 





2 This lesson plan devised by Bernard Udane, biology teacher at Forest Hdls High School, 
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DETERMINING THE PRESENCE OF ASCORBIC ACID (VITAMIN €) 

Introduction 

A First we must get acquainted with a chemical called 2.6-dichlorophenol- 
indophenot (To simplify matters let us call ıt ‘indophenol'" for short.) Pour about 
10 drops of indophenol imto a test tube and add tt to some ascorbic acid (vitamin 
C) solunon 

1 What happened? 
B. Prepare 4 test tubes as follows 


#1 #2 #3 #4 
indophenol indophenol ascorbic aad dilute (1:10) 
ascorbic acid 


With the aid of a medicine dropper, add the undiluted acid (test tube #3) to 
test tube #1 drop by drop Shake the test tube after each drop and count the 
drops necessary to bleach the indophenol 

2 What results did you obtain? 
In a similar manner, test the diluted ascorbic acid (test tube #4) against the 
indophenol mn test tube #2. 

3 What results did you obtain? 

C Summary The greater the concentration of ascorbic acid, the — the 
number of drops needed. to bleach the indophenol 

Problem A. Which of three juices (bottles A, B, C) contains the most ascorbic 
acid (vitamin C)?* 

1 What did you do? 
2 What results did you obtam? 
3 What is your conclusion? 

Problem B People sometimes add bicarbonate of soda when they cook their 
vegetables Use one of the juices to determine whether bicarbonate of soda has 
an effect on the ascorbic acid content, 

I. What did you do? 
2. What results did you obtain? 
3. What 1s your conclusion? 


Note, 1f you will, that these lessons are developing subsidiary ideas in a 
larger concept (see Chapter 6). "The lesson on blood typing is only one in a 
series of lessons designed to develop, in this case, the concept “Genetic factors 
are inherited.” Of course, the lesson could have been used in a planned pattern 
to develop another concept, eg, "An antigen reacts with a specific antibody." 
Similarly the lesson on ascorbic acid detection could be placed in a pattern 
designed to develop the concept "Chemical substances regulate our body proc- 
esses,” or the concept of testing qualitatively and quantitatively. 

‘These lessons are then parts of a lesson group structured toward the devel- 
opment of the concept the teacher has in mind (pre-Eurekas, see p 120). But 
there are other ways of planning activities, experiences, lessons, to develop a 
concept; these we developed in Chapter 4, Science Teachers (Mr. P.'s approach). 
Nevertheless, after we analyze the elements of various types of lesson plan, we 
shall return, for emphasis, to the question of organizing the lesson irrevocably 
toward concept development. We shall also concern ourselves with lessons 





n tie fiih squeezed, canned or frozen juices: orange, lemon, grapefruit, apple, grape, 
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which children and teacher plan cooperatively. (This is not to criticize the les- 
sons above; they are models of their hind; within forty minutes, the boys and 
girls develop the ideas purposely planned ahead of time by the teacher.) Let 
us then dissect these lessons with the understanding of our purpose: to examine 
the anatomy of a Jesson. Whether the lesson is planned by the teacher, by stu- 
dents, or jointly, it must still meet the realities of school life; it must be an 
experience im search of meaning, but to be such an experience it must be 
planned, 

As we suggested in the last chapter, a major concept (Eureka) can be 
attained in one lesson; we described such a lesson. But 40 to 50 minutes does 
not usually permit this to be done fruitfully unless the concept is given ready- 
made, ie. it is told to the students. This may be done through the lecture 
method, but then one must wonder whether the student has been robbed of 
the right of discovery. 

For instance, let us suppose that we are interested in developing the con- 
cept of diflusion. It can be done in various ways. One way is this: 

Perhaps the statement has been made that “seeing is believing." 

At the beginning of the next lesson the teacher places a bottle of concen- 
trated NH,OH before the class and inverts an open test tube over the open 
bottle, Care has been taken to place a roll of wet filter paper on the inside of 
the tube. 

The teacher asks: “What do you see?” 

Students generally say: “Nothing.” 

(Unless they are sophisticated they will not “guess” that the fumes of 
NH,OH are spiraling unseen upward in the tube.) 

After establishing the point (with questioning) that nothing is seen, the 
teacher places a few drops of phenolphthalein on a fresh piece of filter paper 
and holds the paper over the mouth of the open NH,OH bottle (AU this is 
pre-Eureka.) 

As the filter paper reddens, a student's hand shoots up (Eureka). He sug- 
gests placing a drop of phenolphthalein on the filter paper in the test tube; 
it will redden, he says, because the ammonia has diffused up (he may use 
another word). 

Now all this could have been told the students in a few minutes; is it a 
waste of time to let them discover it? 


at word of analysis: Compare the lessons on the preceding pages with the 
analysis of concept formation and the elements of the learning process discussed 
Previously. 

In each lesson, an attempt was made to determine the readiness of the 
children (what concepts they already had) or to help them achieve readiness for 
the specifics to be studied. Where in each lesson was this readiness sought? 

Tn each lesson, an attempt was made to state the problem in relation to the 





# This demonstration and others hike it are fully described. in the t£ i 
M is decorates i fully in the two accompanying 
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concept formation desned This was done through a selected learning situation. 
Where in each lesson uas the “problem” clearly stated? 

In each lesson, activities were planned in which youngsters had an oppor- 
tunity to apply the concept formed to a new situation, Where in each lesson 
was the new concept applied? 


The beginning of the lesson 


The lesson begins the moment students enter the classroom. Are they 
ready? Do thcy hase the concepts needed? From this it can be assumed that 
any lesson begins the day before. 

In most classrooms, the lesson ends with an assignment which is, in a sense, 
an extension of the lesson Better than that, it is a “lesson” carried on at home, 
As such it should be planned with the students so they are aware of its purpose, 
so they scel out the appropriate concepts, so they have some clue as to the way 
1t may be carried out. 

1f the teacher presents the assignment, then ample time should be given to 
make the assignment clear both in content and intent, Assignments are of 
diflerent kinds and for different purposes. Most assignments are intended to 
ready the student for the next day's work. Yet other assignments, typically 
at the end of a umt, may properly extend and enrich the lesson without rais- 
ing new questions. 

In practice, homework can either precede or follow the relevant class 
session When it follows the class discussion, we may consider the homework 
as intended to “fix” the lesson by additional experience not possible within 
the brief class session (the post Eureka period). Such “fixing” may elicit a sell- 
evaluation by the student of how well he comprehends the new concepts. It 
may also provide additional practice and application in new circumstances, 
thereby clarifying the range and nature of the concept, It may, however, be 
the point of departure for individual extension of the lesson, in the form of 
special reading, special reports, or special observations not practical in school. 

When homework precedes the lesson, it is intended to ready the student 
for the coming lesson in concept formation by supplying him with specific 
information and reminding him of pertinent experiences. Many teachers use 
homework for both purposes: reading in advance (pre-Eureka) and also prac- 
tice on what was considered today (post-Eureka). 

Tn the usual day's work, students will come in from a class or several classes 
in other subjects and have those subjects in mind. Or the brief period of 
badinage with friends may focus their thoughts elsewhere. Thus it is usually 
the practice of teachers to begin the lesson with a learning situation which 
focuses attention on the problem at hand. No matter what descriptive phrase 
is used, the teacher usually begins the lesson with an "approach" which, in the 
best practice, is interesting and attention holding, simple, direct, and on the 
student's level. If possible, it stems from the student's experience and has a clear 
relation to hfe and living. The learning situation is a pre-Eureka experience. 
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"There is all the difference in the world between starting a lesson on static 
electricity by showing the class a rubber balloon "attached" to the wall and by 
showing them a statement on the blackboard, “Static Electricity.” There is no 
reason why the beginning of the lesson should not be as interesting as possible. 

An example: 

One can begin a lesson on Bernoulli's principle with a question or a dem- 
onstration. The question “How many of you hase been up in an airplane?” is 
better than the question "How does an airplane fly?" merely because the first 
draws upon a personal experience directly. A demonstration of the classic “ball 
in the funnel” or “card against the spool” will also stimulate discussion and 
analysis leading to the development of Bernoulli's principle. In our experience 
an opening demonstration is generally more effective than questions in focus- 
ing attention. 

Do not assume, however, that demonstrations or “doing” must be used to 
open every class session. Some analyses can begin only with questions; for 
example: 


What evidence is there that life exists on Mars? 
What effect will atomic energy have on our lives? 
How does smoking affect your health, your length of life? 


Why can a normal child born today expect to live longer than a child 
born 100 years ago? 


The most effective questions are those, related to the pupils’ lives, which 
cause them to recall, weigh, and apply prior experience and knowledge. A learn- 
ing situation occurs almost any time we focus the students’ attention upon a 
problem which they identify, or challenge a concept the students adhere to, 
Such a situation, which is interesting and related to the pupils’ lives or affects 
them in one way or another, will gain attention and will help give direction 
to the lesson much as a hypothesis gives direction to an investigation. Delib- 
erate search for variety in these “opening moses” can be amusing to a teacher 
and can provide variations in his period-to-period or year-to-year teaching. 


The middle of the lesson (fechniques in questioning) 


Once the lesson has begun (the learning situation is but a trigger) earnest 
analysis, earnest concept seching through problem solving, begins. We repeat, 
whether the lesson is planned by the teacher, by students, or jointly, the lesson 
is an experience in search of meaning. The “middle” of the lesson is an investi- 
gation employing one or more learning techniques: discussion, laboratory 
work, film, reading, report, board work, and so on. 

But first the topic problem, or center of concern, must be stated clearly, 
because everyone in the class should understand the purpose of the investigation 
about to ensue. This topic 1s usually called the “aim of the lesson," and much 
has been said of the way it should be derived. 
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It seems to us that when teacher and students plan the lesson, the aim is 
arrived at in discussion, jointly. Rut when the teacher takes the responsibility 
for the lesson, it 1s well that he state the asm clearly and place it on the board 
for all, especially the latecomers, to sce. 

Certainly the class must understand what the problem is. This may be 
checked and clarified by asking students, both bright and slower, to restate the 
aim in their own words. Although the am may be stated in various ways, there 
seems to be a preference for stating it in the form of a question, possibly be- 
cause “screntists ask questions.” Psychologically or grammatically questions are 
probably more effective, for they imply confusion or doubt requiring clarifi- 
cation, whereas a statement can be simply accepted with no tension to the 
student One must be careful, however, that the questions are not artificial or 
labored For example: 

“What is the laboratory preparation of oxygen?” is an artificial question. 
No one but a teacher would ask it, and the topic “Laboratory preparation 
of oxygen" ıs just as clear and even more natural. However, “In how many 
ways could we prepare oxygen?” hints of a multiplicity of procedures and 
imitates a search. "Why do we behave the way we do?" seems to be a valid 
question, a more interesting statement of the aim of a block of study than “Our 
behavior.” We can only recommend that the aim be stated in as interesting a 
fashion as possible for the particular group of students at hand. 

As we have noted, the middle of the lesson, the “meat” of it, may embody 
many learning techniques. No matter what the lesson, in science the major 
techniques deal with concept seeking through problem solving. Often the 
method of teaching involves questioning-demonstration observation, or the re- 
counting of investigations with commentary (lecture method). In any event, in 
the middle of the lesson, following the initial, motivating learning situation, 
the teacher procecds to elicit from or recall to the students a body of informa- 
tion and concepts, or to “tell” the students a selected amount of informa- 
tion. 

One elicits by questioning, Socrates used this question-upon-question 
method very well, hence the term “Socratic method.” Comenius implied this 
by his statement, "When the teacher teaches less, the learner leatns more." 
Agassiz was a mastcr of the art of questioning, exhorting his students to ques- 
tion nature as well, This method seems to be exceedingly successful for those 
who accept completely the philosophy behind it, namely, that the science class- 
room is a place to investigate by questioning, to question nature and to ques- 
tion people again and again. In any event, we believe that a Eureka occurs 
on the fertile ground of thought induced by pre-Lureka questions. 

Therefore the techniques of questioning are basic to skillful teaching. A 
few practices arising out of experience and observation may be helpful here. 
Some very skillful teachers use these practices: 

1, They often begin their questions with “What, Why," "How," and 
“Where,” rarely with the phrase "Could you tell us" or "Who will tell us." 
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‘The answer to the first set of questions is a sustained answer. A proper answer 
to the second set is "1 can,” or the act of raising a hand. 

Also, if the question begins with the first set of words, it is usually brief 
and to the point. If possible, questions should be limited to less than 25 words, 
preferably about ten. Where possible, they should be limited to one sentence. 
For instance: 


“Who will state Ohm's law?” (Answer: “I shall”) is a poorer question than 
“What is the mathematical statement of Ohm's law?" And this, in turn, is a 
poorer question than “What do we learn from Ohm's law?” 

“What are the functions of the kidneys?” is a better question than "Where 
are the kidneys located and what are their functions?” (Two questions really.) 

"What was Niels Bohr's contribution to atomic theory?” is a better ques- 
tion than “What about Niels Bohr?" or "Who was Niels Bohr?" The former, 
at least, limits the boundary and puts all the students in the same ball park, 
if not on the same base. 


We could multiply these examples, but it suffices to say that when you find 
a skillful teacher you find one skilled in questioning. And he doesn’t have this 
technique at birth: he attains it only by diligent, uncompromising self-criticism 
and practice. Slowly but surely the skill grows. 

2. Naturally, it isn't sufficient merely to ask questions; they must be asked 
in a logical sequence, to build towards the point of concept attainment, Specifi- 
cally a lesson plan includes the key questions (see page 127). Note how, in the 
lesson plans cited, the different key questions cannot be answered unless the 
preceding one has been answered first. This is the clue to asking key questions: 
what information do we need before we can go on? The answer, in the lesson 
plan, depends upon the tcacher's knowledge of the evidence and the logical 
web upon which the new concept (lesson aim) is based. Without such knowledge 
creative questions are unlikely. 

3. Questions can serve varied purposes: 

They may elicit known information to clarify a point, or elicit informa- 
tion known to only one or two pupils as a result of their special experience 
in school, at home, during a vacation, or on a trip. 

"They ma) encourage comparisons, the sorting and selection of information 
of relevance to the problem. 

They may encourage analysis and the formation of new subgroups of 
attributes or reactions not previously recognized. 

They may encourage generalizations, or “hy pothesis hazarding.” 

They may elicit hypothesis appraisal by testing the degree to which the 
hypothesis is consistent with the data it presumably describes, or by exploring 
whether the hypothesis suggests or accounts for additional facts or reactions 
not among the original data used. 

4. ‘Fhe questions asked by skillful teachers are varied in their difficulty. 
Some are directed at very bright students; others, at slower students. Some are 
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on the levels of abstraction, others ash for simple recall or simple reasoning. 
For instance, in a lesson in chemistry (on catalysts) the following questions are 
among those which were asked in sequence during the lesson. 

How i5 ovygen prepared from KClOs* (Simple recall, written on the board 
for ready reference ) f 

Which substance among these 15 the catahst? (Plainly, simple recall.) 

What is the function of the catalsst? (A bit abstract, calling upon read- 
Been you demonstrate by experiment this function of rhe catalyst? 
(Aimed at the bright, calling for reflective thinking, etc.) 

5 The skillful teacher not only accepts responses to his questions from 
volunteers, but calls for participation by “auditors” (reluctant participants in 
audible response) as well Thus, Jot (whos shy) Was a question directed at hioa 
now and then. And Frank (who 1s constantly raising his hand) is often ignored, 
but occasionally gets a difficult question to challenge him. 

6. The skillful teacher does not answer questions directed at him by stu- 
dents. He throws them back to the class If the answer to the question is not 
necessary to the sequence of the lesson, if it is a digression, he may ask a student 
to yolunteer to investigate the problem and report to the class. If the informa- 
tion is necessary to the sequence of the lesson, then the teacher who is addicted 
to questioning will probably dis ide the question into subsidiary ones and elicit 
the responses from the students, This presupposes some information residing 
an the class; "no response" may be the basis for the next assignment (see The 
End of the Lesson). These, then, in general, are verbal devices used by skillful 
teachers in eliciting information by means of questions. 

7. Skillful teachers have the notion that when a youngster offers a re- 
sponse he generally does so because he sincerely believes that it is correct. If 
he knew it to be inaccurate, he would not offer it. Therefore, when a youngster 
gives an inaccurate response, they question him with the purpose of having 
him appraise his information or revise his thinking (his conceptual scheme). 
‘Thus one not only questions the class, one returns questions (asked by a stu- 
dent) to the class; one questions youngsters and one turns an inaccurate re- 
sponse into an accurate one by further questioning. 

8. Sillfol teachers also question youngsters who give accurate responses. 
"They milk the answer dry of meaning, as it were, and often the youngster is 
full of wonder as his original response grows in meaning. 

9 Finally, skillful teachers apparently direct their questions at the entire 
class, then call the name of the youngster they might want to respond to it, 
rather than the reverse. For example: “John, why is it colder in the winter 
than in the summer?" is a question which catches John's attention; the rest 
of the class may relax white John copes with it, Whereas wording the ques- 
tion: “Why 1s it colder in the winter than in the summer? (pause) John?” 
holds the class, encourages each student to think reflectively about the prob- 
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lem before a particular pupil is called. Of course, there may be a volunteer, 
and then the teacher may still disregard the volunteer and call upon John. 


The end of the lesson 


Tt seems to us that the end of the day's lesson should not consist simply 
of the assignment. It should include some evidence that the purpose of the 
lesson has been accomplished. That is, the problem has been solved; the con- 
cept sought has been formed. 

In most cases this evidence is sought by questioning—searching question- 
ing. Furthermore, at the end ol the lesson especially, this questioning is usually 
directed at the slower students. If they understand the concept taught, can 
state 11, and apply it to situations in their experience, then it may be as 
sumed that the others in the class understand as well. Time is given at the 
end of the lesson for all students to ask questions which arise out of the “new” 
questions of application, or significance, that the teacher asks. 

In general, what the teacher tries to do at the end of a lesson is to give a 
"new view" of the concept rather than a "review." For instance in dealing with, 
for example, the concept of “cells,” a teacher might pose a “problem” as the 
new view, a research problem, as it were. “Suppose someone reported a species 
of animal never before discovered; what could you say about the inner struc- 
ture of the animal you hase not seen?” Now the students should agree that 
the internal structure is probably cellular. They should also be able to indicate 
the breakdown of the organism's internal structure from organ systems to 
cells. In short, they have applied to a new situation the information they have 
learned. In a lesson on simple machines, the new view might well be the 
analysis of a demonstration pulley system. In a lesson on the properties of 
sodium, the new view might be to ask the class to predict the properties of a 
similar metal, such as potassium. 

In any event, at the end of the lesson the teacher also tests himself. Has he 
achieved the purpose of his lesson; have the students learned? Can they now 
organize data or make predictions not possible before this lesson? 

Even a short quiz is useful. This does not mean that the teacher must 
wait until the end of the lesson to appraise the efficacy of his approach or his 
teaching. In the questioning-discussion approach, the teacher is constantly 
testing his teaching because he is constantly getting responses. This is also 
true of the assignment-recitstion approach. It is less true of the lecture ap- 
proach, In many cases the lecturer does not know whether he has achieved his 
aim until the day of the test. Here then is one of the major disadvantages of 
the lecture approach. Jf carried to the extreme, the lecturer does not have the 
opportunity to test his daily achievement through the daily responses of the 
learner. He usually cannot modify the mode of concept telling until the first 
written examination (and perhaps not even then). It is clear then that 
where the lecture approach is used, sufficient time should be taken at the 
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end of the hour to determine whether the concepts have been "taught" and 
“learned” 

The lesson can be extended by means of the assignment, In the assign- 
ment, concepts formed are applied through additional problem solving. If 
the assignment is in preparation for the conung day's work, which is then 
to be merely a recitation of that assignment, much is lost, If the lesson is an 
enriched development of the previous day's assignment, much is gained. 

On the other hand, an assignment can be used to extend the day's lesson 
so that the student not only reviews the day’s work but also adds depth to the 
concept studied, 

For instance, a lesson on cells can be extended by reading the historical 
development of the concept of cell, or the lives of Schleiden and Schwann, or 
of Dutrochet. A lesson on pulleys (in the pattern of developing the concept 
of mechanical advantage) can be extended by asking students to discover a use 
of pulleys (window shade, etc.) and to do some problems related to the window 
shade, An assignment is valuable when it 1s made part and parcel of the 
method of intelligence, that is, when it furnishes an opportunity for investi 
gation and reflective thinking about important problems, perhaps related to 
the students’ lives. 


Summary—the lesson 


Apparently we have been dealing with an administrative coup d'état. A 
teacher meets his class for an hour or so. What he does in that hour is called 
a lesson (for the curricular frameworks of lessons, see Section III), Skillful 
teachers, observation shows, apply the psychology of learning to make the 
lesson as interesting and as significant as possible. ‘They build toward a 
Eureka. ' 

Generally, skillful teachers begin with a learning situation which captures 
Interest because the concepts to be attained have meaning to students. They 
continue to develop the lesson by a selected procedure which evolves the con- 
cept lying at the heart of the lesson. They end by demonstrating to themselves 
and to the pupils that they have achieved the aim of the lesson; the concept 
has been taught and the concept has been learned Then they extend the les- 
son outside the school day in either a “new view” of the concept taught or a 
preparation for the following day. 


Patterns in lessons 


The lecture as a lesson 


We have discussed, in the past pages, a lesson as a way of winning the 
participation of students in concept formation. The lecture method does not 
attempt to win overt participation; indeed its single, most significant failure, 
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in our minds, is that the lecturer usually cannot know whether his audience 
is participating unless he has “yea-sayers” and “nay-sayers” in his class. Too 
many students have learned how to keep their eyes fixed on the Jecturer and 
their minds elsewhere. (Unless, of course, the lecturer is a master.) 

The lecture method is a major form of instruction; even reports, films, 
filmstrips, and such are really “lecturing.” Most college instruction is by the 
lecture method. One of the authors has visited some 70 high schools through- 
out the United States, and in approximately 20 of these the lecture method 
was used. In a questionnaire study of the methods used by some 200 teachers 
representing most states in the country, 62 (about 30%) stated that they used 
the lecture method almost entirely in the majority of their classes. 

No broad statements can be made about the lecture method, because 
it is even more highly characteristic of the individual teacher than is the 
discussion method. Good lecturers are rare and those who can hold the com- 
plete attention of a group of young adolescents for a class hour are very rare. 
For the younger the class, the shorter appears to be the attention span. The 
audience is captive but not necessarily captivated. 

The most skillful lecturers we have observed can be described, in gen- 
eral, by the following portrait: 

1, He has a strong personality; by his presence he commands attention. 

2. His use of voice is compelling; there are nuances, there are changes 
in tempo, in amplitude, and in pitch to assure emphasis of important points. 
His is not a monotone monologue, but a "rich" modulation. The voice is 
clear, and clearly heard in every corner. 

3. He moves about to be clearly visible to all and to compel attention. 
(To remain seated is to invite inattention.) * 

4. Generaly, he develops important concepts through differing con- 
texts. Each major point is clearly an entity, thereafter the scene changes for 
the next activity. 

5. He organuzes the sequence of concepts presented on the board, some- 
times using colored chalk, to encourage note-taking. Then at the end of the 
lecture the board shows a complete outline of the concepts presented. 

6. He organizes the lecture clearly into a beginning (motivation), a 
middle, and an end (usually a summary). 

7. He asks rhetorical questions to emphasize sequential points in the 
logical development of a concept by stimulating nonvocal answers in each 
member of the audience. 

%. Te spends the early days of the term {particularly with young stu- 
dents) in teaching the class how to take notes, and discusses good study habits. 
Notes are often handed in and discussed the next day in class. 

9. In order to clarify the concepts presented, he devotes either the first 





t One lecturer noted that three elements which compel attention are sound, movement, 
and color. 
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minutes of the lesson to questions about the previous day's lecture, or thc end 
of the hour to questions about that day's lecture. 

10, Hle assigns material at the end of the lecture to be covered in the 
lecture on the following day Thus youngsters are “readied” for the “telling” 
by reading. 

11. He is generally flexible. He will stop sn the middle of a lecture when 
he notes puzzlement on young faces, and revert to question discussion tech- 
mque until the difficulty is clarified. 

12 He shows a sense of humor consonant with the tonc of the lesson. 


The recifation as a lesson 


The lecture and discussion are two teaching techniques; the predominant 
technique seems to be the recitation approach, a sort of combination of these. 
A definite assignment is given (‘pages 103 to 111, and the questions at the 
end of the chapter”) at the end of the lesson. The nest day is spent in clarify- 
ing the assignment by a hybrid discussion telling technique. The teacher ashs 
questions calling upon members of the class. When the understanding of a 
concept scems doubtful, the teacher again "tells" the class with further 
illustrations Or as most teachers would prefer to say, the teacher explams. 
The varying amounts of "explaining" and "discussion" seem to depend on how 
well the class “knows” the body of subject matter to be covered. 


aA word of analysis: Where the lecture method and explanation discussion. 
seem to be dominant, the school (or the teacher) seems to be concerned mainly 
with subject matter, and less with personal social growth and attitudes. Where 
the questioning investigative approach seems to be dominant, the school (or 
the teacher) seems to be concerned with pupil growth, with attitudes as well 
as with subject matter. This is not to say that the questioning-investigaltve 
teacher does not teach subject matter well; indeed his method may be designed 
fo get youngsters to learn independently and thereby grow in scholarship as 
well as independence in planning one’s work. The lecturer, on the other hand, 
Gives the student all the eurekas and Eurekas; he covers material; he does not, 
unless he plans carefully, uncover it for analysis, 


The laboratory exercise as a lesson 


Now we should analyze another type of lesson which is characteristic of 
our way of teaching: the so called laboratory lesson or exercise. Here the stu- 
dent works with his hands as well as his brain, while the telling by the teacher 
is ata mimmum In thus type of lesson there is still the beginning, the middle, 
and the end. 

Generally speaking, howeser, the laboratory exercise as it has developed 
is even more binding than a lecture. ‘The student is usually told what to do 
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step by step, by a workbook or laboratory manual. Some teachers go so fat 
as to call the workbook a “cookbook.” * 

In our experience, students find laboratory work “fun” even when rigid 
direction robs them of the experience of discovery. Probably the laboratory 
is a welcome change from the cramping of the regular classroom; and young 
people like to "mess around." 

Now laboratories should be distinguished from shops. The shop may 
have the equipment of the laboratory, but not its intellectual climate; for in 
the laboratory we usually investigate, whereas in shops we usually make 
things. When the laboratory becomes a place for making things, eg. pre- 
paring oxygen or making a magnet, it is being used more as a shop than a 
laboratory. Where investigations are carried out, even cookbook topics, eg. 
examining a Paramecium to determine its structure, or determining the in- 
verse-square relationship between distance and the brightness of a light, we 
approach the intent of the scientist's laboratory, but we are still far away 
from it, 

Most teachers are agreed that these “cookbook” experiments have their 
place. They defend the workbook by indicating that it is a means by which 
the cultural heritage (in this case the work of scientists in the past) is trans- 
mitted to the new generation. 

But the laboratory need not be a place where ingenuity is rarely required. 
Let us examine a few types of laboratory lessons, from the strictly cookbook 
type to one where the student brings all his concepts into play in Eureka 
activity. 

Type A-little latitude. In this type, although a certain latitude is per- 
mitted, the student cannot squirm out of the iron bands of the questions. 
(It is used mainly in pre-Eureha.) It is very useful [or dissections, learning 
how to use a microscope, etc.; in short, for development of skills. 





MEASURING SPECIFIC HEAT 

We are going to calculate the speofic heat of a metal by heating it to a 
convenient temperature (100° C) and then placing it in a calorimeter containing 
some water at room temperature. The total heat given off by the hot metal will 
be known if we calculate the heat absorbed by the water (from mAT). Conse- 
quently, the amount of heat lost by each gram of the metal as it cools through 
each degree (us specific heat) can be calculated. 


Apparatus 


Boner, Bunsen burner, thermometer, calorimeter, beam balance and weights, 
block of metal such as aluminum, iron, brass, or Jead. 


Procedure 
1, Heat half a bailer of water, noting at what temperature it boils. 
2. Wesgh your sample of metal and suspend it by a string in the boiling 
water. Its weight is —. Allow it to remain there for several minutes until the 


Tin a Midwestern state a teacher taught chemistry by using the workbook as a “contract.” 
When they finished all the “exercises” students could go on to their own projects, 
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metal reaches the same temperature as the water, (This is the starting tempera 
turc for the metal) 

3 Meanwhile weigh the calorimeter can. lta weight is —. : 

4 Then put about 200 grams of cool tap water in the can, The weight of 
the water plus can is —— ‘The waght of the water alone is —. 

5 Luke the temperature of this water. (Thus is the starting temperature of 
the water and calorimeter can) 

6 As quickly as possible. transfer the hot metal to the calorimeter can of 
water and stir he water constantly, noung the highest temperature to which the 
water rises (This as the final temperature for both metal and water.) 





Record your observations and data in the accompanying table, 





Calorimeter 
«an (made of Metal 
Water A C 
a a NU CEES RA CMM UELLE 
Observations 
Mas 
Specific het (5) x 


Final temperature 
Surg temperature 


Calculations 
Temperature change (47) 


Heat gained (ATS) hen Name no entry 


mo entry no entry wamm 


——————————————— 


Heat lo«t (f) 


Total heat gained H = hf ht = 
‘Total heat lost H’ m x. 





According to the law of heat exchange, how does Hf compare with 1? ——— 


Write the equation showing this rehuon between H and H' and solve for the 
specific heat of the metal x: ~ 


Note that students do learn something; they confirm the text; they learn 
to do a problem, not to solve it, 

Type B-some latitude, Some teachers prepare their own work sheets. 
Alter the workbook activity, considered an “exercise,” they introduce a kind 
of activity which involves some degree of originality. Such an activity follows." 

Note that it involves the testing of yarious solutions for conductivity. 
Then in the section, Going Further, there is an opportunity (or students to 
develop their own procedures and male their own observations. A kind of 
originality is being stimulated. (Before the exercise, students are shown how 
to test for conductivity using a conductivity apparatus.) 





$ Personat communication from laboratory di Ne 
Rochelle High School, New Kochele, N. V. n de eped ty Cari Spe ie 
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Equations show- 
Kindof ing formation of 
Solutions to be tested Brightness substance. ions (sf any) 


BRT DIM NONE 
dry salt 
pure water 
sodium chlonde sol'n 
glacial acetic acid 
acetic aad sol'n 
barium chloride son 
copper sulfate sol 
potassium nitrate sol'n 
hydrochloric acid 
HCI gas in water 
HCI gas in benzene 
mutric acid sol'n 
sulfuric acid sol'n 
sodium hydroxide sol'n 
potassium hydroxide so'n 
calcium hydroxide sar'd 
ammonium hydrovide sol'n 
alcohol sol'n 
sugar sol'n 
acetone sol'n 


Definition of an electrolyte: a solution which conducts an electric current. 

Important considerations 

I, What kinds of substances are electrolytes? 

2. List here the acids which hase a high degree of ionization (strong acids). 

3. List here the bases which have a high degree of ionization (strong bases). 
(This information is important, because it is the basis for a later experiment.) 

Going further 

In the experiment on ions, you measured the strength of acids (or degree of 
jonization) by conductivity. You can also measure the degree of ionization by 
measuring the rate at which a metal dissolves in various acids. Make dilute 
solutions of some acids as you did in section 1 of this experiment. Have ready 


small strips of magnesium ribbon 1 cm long. Check the action of the acid on 
the metal. 








Type C—some latitude, initial direction from teacher. A worksheet on an 
experiment. 


What ts a controlled experiment? Is moisture necessary in order for mold to 
gow on bread? Set up an experiment with a.cantral tn belg apswet the question. 
about mold. Here are some suggestions. My procedure: (a) Expose a slice of 
bread to the air until the bread is dry. (b) Break the bread into two piece © 
Moisten one piece; leave one piece dry. (d) ~ 

© 


My observations of the results: - 
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Type D-considerable latitude, "experiment" suggestion from teacher. 
The student has an opportunity for a Eureka. 


Does black cloth or white cloth absorb more heat from the sun? In order to 
answer this question, plan an experiment to get direct evidence about the ability 
of black and of white cloth to absorb heat Outhne your procedure, list the facts 
obtained, and state your conclusion 
Purpose of my experiment Tanah 
Plan of my experiment {illustrate this in the space below) 








Facts obtamed " PD 
My conclusion : 
How do you apply your conclusion to your selection of clo! 
summer wear? » e 














Type E—considerable latitude, bare suggestion from teacher 


Do protozoa select their food? Docs a protozoon take in all substances in 
the water or does it select special materials as food? Devise a simple experiment 


to find the answer, get your teacher's approval before startmg. Then carry out 
your experiment. 


Type F—jointly planned. A “problem occurs to the class” and the teacher 
and students plan together; several days are used in working towards the con- 
cept (see p. 44, Chapter 2, Teaching the Ways of the Scientist). 

Type G—student-initiated, The student plans the work independently and 
works day in, day out, in the laboratory (see pp. 38-40; also p. 178). 


Probably all variations of laboratory lessons, from Type A to Type G, 
are attempted by the most skillful teachers. No doubt it is reasonable to ques- 
tion a course whose laboratory procedures are of Type A only. 

Whether or not we approve or disapprove of workbooks, the fact remains 
that they are used throughout the nation. And as we see it, their main func- 
tion is to give youngsters a chance to do, to experience at first hand, as well 
as to read, the cultural heritage of science. 

‘There is no evidence that youngsters learn better through laboratory 
work than through lecture demonstration or demonstration-discussion. AS 2 
matter of fact, the weight of the evidence (necessarily but unfortunately 
based mainly on paper and pencil tests*) is on the side of demonstration- 
discussion and lecture-demonstration. But this sort of “experiment” (if indeed 


demonstrations are acceptable as experiments) neglects two phases of labora- 
tory work, 


*See, for example, Ralph E Horton, Measurable Outcomes of Indidual Laboratory 
Tork in High School Chemistry, Contnbubons to Education No»303, Burean of Publications. 
Teachers College, Columbia Umversity, N, Y, 1925, and Haym Kroglak, 4meritan Journal 
of Physics, 22, 442, 452, 1954, and 23, 85, 1955. See also our Chapters 13, The Course in Chem- 
astry, and 14, The Course in Physics. 
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l. Skills-e.g., responsible use of microscope, Bunsen burner, graduate 
cylinder, balance, slide rule, and the like—are taught not by lecture demon- 
stration but by doing in the laboratory. 

2. While information which is part of the history of science (Oersted's 
experiment, oxidation, structure of the amocba) can be taught (in the sense 
that students can recall it) as well by lecture and discussion-demonstration 
procedures as by repetition in the laboratory, most youngsters enjoy working 
in the laboratory. Apparently the psychological framework of initiative and 
responsibility provided by the laboratory is appealing to them. Unfortunately 
too many of them leave high school science with the notion of the laboratory 
as a shop, rather than as a place for investigation. But even when used as a 
shop, the laboratory is often a welcome diversion from the chalk-talh, or lec- 
ture, type of science teaching. 

In the volumes accompanying this text, A Sourcebook for the Biological 
Sciences and A Sourcebook for the Physical Sciences, the teacher will find a 
rather complete description of laboratory and demonstration practices as 
well as those useful in conducting field trips. The tables of contents for these 
volumes are given at the beginning of this one. 


Summary 2: the lesson 


We have discussed in this chapter practices in winning participation by 
students in one’s class. We have described ways of winning participation in 
concept formation mainly by the method of questioning. We have indicated 
the strengths and limitations of the lecture approach and we have delved into 
the “laboratory exercise.” 

"The teacher is known by the lessons he gives. He ís also known by his 
success in dealing with students who find science difficult and those who find 
the course so easy as to be boring. This means that the lessons ot tbe skillful 
teacher cannot be standardized; they must be as varied as the students in the 
classes he teaches. An almost impossible task, it is approached daily; some- 
times one carries it off. 


An excursion into methods 
of winning participation 
of one’s students in learning 


7-1. As we have said, this chapter is limited to the three major types of 
lessons: the discussion (with and without demonstrations), the lecture, and 
the laboratory. Nevertheless, the teacher does plan textbool lessons, film 
lessons, field trips, projects, reports, and so forth. All these, and others, are 
variations of the three types we mentioned; eg, the field trip is a type of 
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"laboratory lesson." You may want to turn now to what we consider "tools" 
of the teacher, Section V of this book which includes among other tools: 
Textbooks 
Films and filmstrips 
Demonstrations 
Projects 


7-2. Perhaps you would like to analyze the "slightly used lesson plan" which 
follows 


Osyectives 

1. To reahze that different factors may be responsible for the same efect- 
differences in Rame color may be produced by temperature differences or by 
different substances glowing or burning. 

2. To show that some substances may be identified by their flame color 
and that simple tests are not always conclusive, but that refnements narrow the 
possibihties. 

3. To suggest that there are several related but different means of produc. 
ing light, of which one of the earliest was the arc. 

4. To show that the arc light completes its circuit across a gap by means of 
an electne discharge—a distinction from electrical conduction through a wire. 


PREVIOUS DAY'S LEssoN: Flame and dhagram, burned carbon, 


Ovurtine 


1 Review characteristics of flames, reasons for variety of colors 
2 Carbon in chimneys. 
8. Study Bunsen burner flame, closed and open, compare. 


4, Add chemicals to flame, modify reasons for color differences Note color 
of electric bell spark. 


5. Means of producing hght: sun, lamp bulb (hot wire), photoflash. Metal 
will burn. magnesium, heat, copper wire, iron wire, 

6 Arc hght, brief history, complete circuit, construcnon, 200 amps x 30 
vols equals 6,000 watts. Vaporzation of catbon rods, adjust. Welding, spark 


plugs burn back, movie projectors, searchlights. 


(a) Could you, with a few hours for preparation, teach from this lesson 
plan? 

(b) Do you know what pervasive and what limited objectives were sought? 

(©) How was the attention of the class focused on the lesson? 

(d) What effort was made to discover what the students already knew 
about the subject? 

(e) What kind of activity would you expect the students to do? 

(f) What summary was made? By whom? 


(g) What might have been done at home by the students before this les- 
son was given? 


(h) What assignment was given? 
(i) What would you expect to find occurring in this class the next day? 
(1) What aspects of the lesson seem especially commendable? 


(4) How would you restate the lesson plan in a more useful manner? 
(I) What behavioral objectives might be sought? 
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7-3. Is there a special problem in planning the leson for the “reluctant sto- 
* the “under achiever"? We prefer to call these the 
"science shy" for the reasons we develop in the next chapter (Chapter 8). The 
types of lessons to be given, and the methods of winning participation need 
to be modified when one deals with students shy of certain qualities needed 
for success in suience. Pethaps this chapter should Gaim your attention next, 








7-4, Is there a similar problem with the “rapid learners," the “gifted stu- 
dents"? Their intellectual needs ate different from those of the students 
mentioned above. And the methods of winning participation need ale to be 
modified. l'erhapy Chapter 9, The Science Prone, has priority for you, 


7-5. Nevertheless, a plan of a lesson isa tactic in a master plan. A plan should 
succeed and should have value. We belicve that most teachers’ tactics anid 
strategy are rarely challenged. Do you agree? Have your plans and methods 
ever been challenged as directly as General McCleHan’s were by Abraham 
Lincoln? 


TNICUTIVE MANSION, WASIIINGTON, D.C. 
February $, 1862 


Major General McClellan: 
My dear Str: 


You and J have distinct and different plans for a movement of the Army of 
the Potomac-yours to be down the Chesapeake, up the Rappahanock to Urbana, 
and across land to the terminus of the railroad on the York River; mine to move 
directly to a point on the railroad southwest of Manassas, 

M you will give me sausfactory answers to the. following questions, 1 shall 
gladly yield my plans to yours 

rixsr. Does not your plan involve a greatly larger expenditure of time and 
money than mine? 

srcosb, Wherein is a victory more certain by your plan than mine? 

rien, Wherein is a victory more valuable by your plan than minc? 

FOURTH. Jn fact, would at not be less valuable in this, that it would break na 
great line of the enemy's communications, while mine would? 

Firtit. In case of disaster, would not a retreat be more difficult by your plan 
than mine? 





Yours truly, 
Abraham Lincoln 
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CHAPTER 8 


Patterns in teaching science: 


The science shy 


A note at the beginning: In a summary of a study of practices used with 
slow and rapid learners in 678 junior and senior high 
schools! we read ""The main conclusion, resulting from 
this study of provisions and procedures employed by 
science teachers considered to be extremely effective with 
slow learners and rapid learners, is that these teachers use 
largely the same general provisions and procedures with 
both groups of pupils. However, science teachers of rapid 
learners use the provisions and. procedures somewhat more 
extensively and in a few cases much more extensively.” 

Is it strange that the “same general provisions and 
procedures” should be used largely with both types of 
students? Or is it sound? Let us see. 


The science-shy student—his nature 


Why is it that not all students do well in science? A fable told by Harold 
Hand is in order: 1 


Sam Sparrow and Sid Swallow * were both below the legal school leaving age, 
and were both enrolled in the same course in fying To simplify matters, let us 
assume that the sole purpose of this course was to teach the pupils to fly as swifily 
as possible When the course began, Sam could fly twenty miles per hour, but Sid 
could do forty. Both were conscrentious pupils, and both studied as hard as they 
could Each learned everything that it was possible for him to learn in the course. 
Bot because nature bad endowed them differently, Sam Sparrow could fly onlv 
forty miles per hour when he finshed the course, whereas Sid Swatlon managed 
fifty miles per hour on his final examination. 


* Sparrous and swallows, of course, 
mean 10 imply that our children belong 
differ greatly in their capacities to learn. 


are not the same speaes of bird, we do not 
to two different species, but simply that thes 


1 Teaching Rapid and Siow Leamers im the High School, Office of Education Bulletin 
No. 5, U.S Government Prinung Office, Washington, D.C. 1954 


2 Harold Hand, Principles of Pubhe Secondary Cducation, Harcourt, Brace, NY. 1957. 
pp. 251 38. 
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For the reasons implied in this fable, we are not ready to use the term 
"slow learner" as specifically applied to learning in science. In our obser- 
vation and experience, poor achievement in science, as in any other area, is 
due to many factors, some of which are described here. It must be remembered 
that none of them operate in isolation. 

His intelligence (as measured by intelligence tests). Al! other things 
being equal (they never are, of course, but dealing with factors one at a 
time is a useful means of analysis), the achievement of a student in the 
science courses now given 1s generally a function of his intelligence as de- 
scribed by his LQ. score. Present science courses stress the same qualities 
as do intelhgence tests: ability to retain and organize information, high 
verbal and mathematical facility, fairly quick reaction time, and other simi- 
lar properties relating to success in paper-and-pencil testing activity. 

Obviously, students with an LQ. score of 80 will not achieve the same 
score on test atems as will students with an 1.Q. score of 120. When students 
of 1.Q. scores 80 and 120 are placed in the same class and subjected to the same 
standards (expected to attain the same goals to the same degree), then clearly 
the students with 1Q scores of 80 will be “slow learners.” 

This may not be true of other activities, however; compare their success 
in areas other than strictly intellectual endeavor: running the 100-yard dash, 
plowing a field of 10 acres (with a tractor), organizing a party, playing the 
saxophone, or fixing an internal-combustion engine or a motor. 

His interest. All other things being equal, the extent to which the indi- 
vidual student is interested in learning the kind of science offered will 
determine the extent to which he achieves success in science. Students who 
are waiting to reach the required age in order to enlist in the Marines, or 
who come from families where “book knowledge” is not esteemed, or to 
whom high school is merely a place to mark time while one complies with the 
compulsory education law, will generally not reach the level of achievement 
expected. Nevertheless, such students can be taught, and can learn, if the 
teaching nurtures the climate of science teaching developed in Section I, is 
based on what is known of concept formation (learning theory) as developed 
in Chapter 6, and approaches class management from the viewpoint of 
democratic planning (Chapter 4). Interest, or motivation, as an aspect of 
learning, is capitalized on to a great extent in such an environment. If a 
student wants something and his course helps him get it, he will be more 
likely to learn to the best of his capacity. 

The nature of the course. All other things being equal, the nature of 
the course determines the extent to which students will succeed in jt. This 
is a matter of common eaperience. Certain students who get grades of A 
(90% or above) in general science and biology may achieve B's or C's in 
physics. Physics, as presently given, requires a higher degree of shill in mathe- 
matics than do biology and general science. Since some students have high 
verbal skills but do not possess comparable mathematical skills, they may 
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do well in the descriptive aspects of science but mot so well in the quan 
utative. 

‘This is not to imply that all biology and general science courses are of 
vmiorm difficulty for all students of equal I.Q. or equal motivation (if such 
“equality” ıs conceivable}. A course in biology which emphasizes the minutia 
ot classification, the fine points of anatomy, or the mass of detail of the 
botany and zoology characteristic of the 1900's (including detailed drawings 
of objects, studies under the microscope, and the use of dissecting equipment) 
may not be as interesting as one which deals with aspects important to the 
student in his daily life, such as nutrition, disease, body physiology, human 
heredity and reproduction. Each student's devotion to study and application 
will be different in such courses because each student is a different, complex 
personality. 

His prior preparation. Al! other things being equal, prior preparation 
(schooling) of a student will affect his success in a course, At Forest Hills 
High School N. Y. the test scores of students in general science (even 
when equated for 1Q. score, reading score, and mathematics score) varied 
directly with. their previous training in science * Students who came from ele- 
mentary schools in which science work was practically nonexistent or was of 
the "naturestudy" type, or from junior high schools in which science was of- 
fered only one period per week in the seventh and eighth grades, achieved 
on standardized general science tests scores as much as 25 points lower than 


those who had rich science work in the years preceding their general science 
course. 





Et cetera. We have commented upon only four factors out of the innu- 
merable ones which affect learning in science. The prestige of science in the 
socio economic group from which the student comes, the nature of the 
preparation of the teacher, the guidance program of the school, the destina- 
tion of the student, the nature and extent of teaching materials, the extent 
of the remedial program, the attitude of the administration, the attitude 
of the peer groups—all help determine whether the student will be science 
shy or science prone. 

We have discussed briefly in Chapter 3 some of the many types of 
science-shy students. In this chapter we shall center our attention on the 
major problem which confronts the teacher: how to teach those students 
who are science shy because they are limited in their ability to form concepts 
even under the most favorable conditions, (These are the students some- 
times called “slow learners", they are a large portion of the science shy) 
‘The Kind of science taught under the label “college preparatory” is not for 
them. Abstractions baffle them; mathematics above addition, subtraction 
and division is terra incogntta; they fail algebra; memorisation of necectal 
which they do not put into almost immediate use in daily living ks Tite 





3 Unpublished results—Paul F, Brandwein, 
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appeal to them; their attention span is low (ten to fifteen minutes of class 
time), and indeed, they are readily distracted. They are not college-destined; 
high school is terminal for them—if they can be graduated at all. These 
students are science shy because they are limited in the abilities required for 
learning concepts; they are limited in intelligence. They are generally stu- 
dents within the range of mental abilities of the class described in Table 8-1 
(p. 153); their LQ.'s span from 80 to 95,* their reading and mathematics 
scores from 4 to 7 (ninth grade). They are science shy and too many times 
“course shy.” But they will be citizens; they will vote; they will make deci- 
sions which affect all of us, and some of these decisions will have a base in 
science. They will be reasonably successful in the ordinary business of liv- 
ing; they will be as happy, or as unhappy, as any of us. 

We shall describe here the elements of a successful and practical pro- 
gram as conducted in one high school for those science-shy students who are 
slow learners. Consideration of one school’s program, with which the authors 
are intimately familiar, should provide a better picture of the inner details 
of class planning and operation, of students’ problems and help, than would 
a more general summary of many schools known only casually. This particu- 
lar program includes aspects of research with slow learners which have 
bearing on classroom practice through the factors stated on the previous 
pages. 

We believe that the principles underlying this program are applicable 
to all schools. We believe further that a good number of the practices are 
applicable to all schools, large or small. At the very least, this program will 
furnish elements from which the reader can create his own inventions to suit 
his own preferences and his teaching situation. 

Lest there be confusion, we are not dealing in this chapter with the 
severely handicapped or with mentally retarded children; they require con- 
siderably different teaching conditions and specially trained teachers, Men- 
tally retarded children can rarely attain the concepts reached by children 
with 1.Q, scores above 80. There are, by definition of the I.Q. scale, a very 
large number of children with scores between 80 and 100; in fact, over one- 
third of the total population falls into this group. They have many intel- 
lectual needs, but, within school, perhaps even more intense emotional needs 
because they have often failed and been scorned as misfits or outcasts. 

In our highspeed, easily baffling world, the slow-learning child may 
acquire a habit of achievement and success at his own level of ability only 
within an atmosphere of emotional security. Lacking this he rebels or com- 
pletely withdraws from a hopelessly confusing environment, Not wishing to 

fail again on seemingly impossible tashs, he simply may not attempt the task, 
and sometimes may not admit that it even exists. 





. *Our arbitrary limit of 80 to 95 1s based on obserauons and general practice. Our 
science-shy student is above placement in the mentally retarded group. He is more educable 
it he is taught to read and to deal with arithmetic to his uppet ability. 
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An approach to teaching the slow learner 


The approach to successful teaching of the science shy begins not with 
developing a curriculum, nor even with a testing program, but with the 
selection of a teacher to guide these youngsters, Here, as always, the teacher 
is the key; moreover, here the teacher is the limiting factor. The gifted stu- 
dent, or rapid learner, may persevere and overcome the handicaps ol um- 
sympathetic, college preparatory-oriented teaching. The slow learner will not 
persevere; he will drop ont of school. Docs this seem too dogmatic a state 
ment? 

Early in the history of this large school with which we are familiar, it 
became evident that slow learners, in the regular heterogeneously grouped 
classes, generally became science shy; they failed the required courses which 
were the established ® ones throughout the country. This occurred mainly 
because: 


1. The stress in the ordinary course is on memorization of materials 
unrelated to life. 

2, Slow learners, in these established courses, generally had inadequate 
academic tools as shown by their low reading scores and low arithmetic 
scores, 

8. Low reading scores and low arithmetic scores usually, though not 
always, went with low 1.Q. scorcs. 

4. The majority, though far from all, of the slow learners came from 


the lower socio-economic groups where the expectancy of entering college 
is rarely an effective motivating factor. 


Organizing the class and progrom 


The program reported here sheds light on the practices necessary to 
develop these youngsters" abilities to their fullest. It consisted of organizing 
a class, homogeneously grouped, to study “experimentally” certain practices 
and, later, to introduce the useful practices into all classes where they were 
relevant, "The teachers involved felt that it was necessary, not merely to read 
about "successful" practices, but to try them at least once with appropriate 
groups of students. The practices were also tried, and confirmed useful, in 
other departments o£ the school. s 

One class contained 31 students who had a record of failure in science 
and mathematics courses and whose L.Q. scores, reading scores, and arith- 
masts scons is low (see Table 8-1). These ninth grade children, also de- 
n generally neni average age of 15.5 years and scholastic aver- 
poesie da . Most of the teachers involved in the formation of 

uch homogeneous grouping was undesirable; nevertheless, 


a S We shall define "established" as those. 
successful” courses are those generally found im tx 





y taught for the 1Q, £ MIO; thi 
Hy taugh e 1Q. range of 110; these 
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they wanted to study the possibilities attainable with such a group. As we 
shall see, the attempt was successful and informative. 

These students were placed in a “core program” (see Chapter 18 for 
more on core programs). During an eight-period day they were together most 
of the time, but still had two subjects (health and physical education, plus 
music or art) outside the "core." Three periods daily formed the center of 
the core, whose central topic was "Understanding Oursehes and Our Com- 
munity.” (Note the emphasis upon themselves at the center of this study.) 
Through this topic they learned science, mathematics, civics, and communi- 
cation skills from two teachers working together. One period was used for 
supervised study within the same classroom. Lunch took another period. 
The final period each day was reserved for special skills; this was often used 
for group or individual remedial assistance. In addition, all these pupils had 
the same homeroom teacher. 

The underpinning of an approach with slow learners consisted in em- 
phasizing four things (each discussed under a separate heading below): 

1. Gurdance. aimed with concentrated effort at reinforcing goal seek- 
ing through regular discussion of the purposes of the work planned. 

2. Planning: aimed at improving the relationships of teacher and stu- 
dents through joint planning of work to be done. 

3. Special curricular design: aimed at developing only the most signifi- 
cant learnings, through teaching less but teaching the important things well. 

4. Special teaching pattern: aimed. at. maintaining interest through use 
of the most effective devices, whether auditory, visual, manual, or the like. 


Guidance 


The slow learner brings himself to the attention of teachers by his 
failure in tests, or in the daily "test": class discussion. There his failure to 
handle concepts is apparent. This, in addition to the pupil's record on past 
accomplishments, should be a sign to the teacher, and usually it is. Often, 
however, the teacher can or does do little about it. Often we hear that the 
teacher has too many students and cannot find the time to help a few slow 
ones, Other times we hear that “standards must be maintained in my class- 
room.” In some schools it would seem that the student who has failed a 
course has failed society and disgraced himself and mankind. Yet, by defini- 
tion, only a little more than half of the children in junior high school can 
have LQ. scores above 100 (some of the students with the lower 1.Q.’s will be 
in special schools or classes for the mentally deficient). Also we know that 
intelligence is a strongly inherited characteristic and that parents of high abil- 
ity often nurture similar abilities in their children. But no child can choose 
his parents. Does it follow then that some children must fail so that we can 
demonstrate that we have "standards" in courses? Does the compulsory 
school attendance law foredoom many children to continuous failure until 
the age of 16? Surely there is a need for wisdom and humaneness expressed 
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through guidance which must do two things: help the student understand 
himself, and help the teacher aid the student. g 

In the program we are describing, the homeroom was a group guidance 
period. And once a weeh during the three period core there was group guid- 
ance But, in addition, since a good deal of the work was planned individu- 
ally and in small groups, there was individual guidance throughout. That 
1s, the boy or girl had opportunities to “talk himself out" to the teacher. 


During the group guidance periods the students introduced and dis 
cussed such topics as: 


What Kinds of jobs are there? 

Dating. (How late? When? Where?) 

What is the purpose of school, anyway? 

How do we get along with certain teachers? 
How can we memorize better? 

How can we study better? 

What subjects should we take? 

What is college good for? 


Individual discussions were around private and personal affairs. They 
concerned themselves with problems of getting along with individual teach- 
ers and individual boys and girls, with failure, jobs, shyness, aggressiveness, 
disciplinary problems, and just psychodramatic, or role playing, tall. 

In any event, the boys and girls in the course were helped so sufficiently 
by this program, in which guidance played such a large part, that about 85% 
of those enrolled in these courses over several different years (following the 


work described in this chapter) remained in school until graduation. In the 
control group, only 60% remained, 


Planning 


‘To those who are convinced that this Kind of teaching ignores subject 
matter, the idea that students, particularly these students, can take part in 
Planning the course may be quite a shock, Yet planning, 
allows students who do not understand the function of 
have lost faith in scholarship to 
failure, and to gain confidence in 
and in after school years. 

Now planning does not mean abdica 
that teacher and students res 


“What shall we work on this term?” 


intelligently done, 
education and who 
begin to understand the reasons for their 
planning their own individual work, now 


ition by the teacher. It merely means 
spond together to the question the teacher asks: 
* Answering this question implies that 

they have done in the past, judge 
whether they understand it, and list topics which they would hke to study. 
In our experience ths results in listing too many topics; hence there is a 
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TABLE 8-1. A ninth-grade class of the science shy 
————————————————————— A 
Entering class TQ. Reading Arithmetic 
(entered 9/49) scores scores scores 





rs* — 9/19 — 3/50 es 9/19 4/50 es 9/49 4/50 


"ovs 1 8i 95 no 727 86 120 48 58 76 
2 92 abs. 97 65 — abs 69 58 ab. — 66 
3 85 98 - 69 S51 124 61 52 82 
4 72 7 13$ $$ 6$ 59 - 44 58 
5 83 101 99 68 835 89 Ti 86 90 
6 87 8 101 73 90 93 15 79 86 
7 88 95 15 — 67 74 95 91 95 120 
a 33 8s 78 $8 Bt 60 66 65 72 
9 8$ 96 98 7. 75 84 91 uo 120 
10 80 92 96 56 62 3 7 88 120 
n 82 88 10 — 64 83 96 T 72 90 
12 $9 9t 96 $5 78 890 67 8s 15 
13 85 E H 2 78 Rl $0 72 n0 
Hu 89 abs. 89 39 abs. drop 58 abs drop 

cms 1 85 abs — 100 7. abs — 83 77 ab. 020 
2 83 90 9$ 35 55 80 9A 120 120 
3 85 abs 9 70 abs 79 94 — abs 109 
4 9t 102 104 74 69 78 23 79 90 
5 79 95 91 15 56 86 G64 120 120 
6 87 99 no BT 85 90 5 vs 120 
7 ar 99 g 69 67 76 2 e 100 
8 "ni 75 82 70 61 79 50 58 62 
9 66 88 9 — 71 55 69 66 93 n2 
10 87 a 86 55 73 drop 79 73 drop 
Mu 82 88 88 61 54 66 as 79. ng 
12 75 87 8l 61 74 62 64 6.9 93 
13 89 89 90 74 64 80 74 79 80 
M 9t 101 6 941 96 98 55 65 67 
15 B7 92 104 64 78 86 72 x n6 
16 85 88 88 — 68 — 51 70 91 95. 100 
n 75 81 82. 852 59 62 58 57 60 

CLASS AVERACE 827 903 95 68 72 83 69 80 96 


* Previous school. 


———————————— 


necessary choice of the most important for study in class. Usually the stu- 
dents will agree to undertake reading on the other topics out of class and 
report to the others in class. 

In short, with slow learners, especially, we have found the democratic- 
planning approach of Mr. P. (Chapter 4) exceedingly useful. And we repeat, 
because there is considerable misunderstanding of the results of planning, 
that more subject matter is learned when students help in planning the 
course than when students submit to complete authority or when they domi- 
nate through a laissez-faire approach. It is well, however, to remember that 
slow learners are not college-destined; one need not assume that established 
courses and the memorization of the standard material will serve them best. 

In any event, slow Jearners greatly need to develop confidence in the 


THE SCIENCE SHY — 153 


school, in the teacher, and especially in themselves. Planning the course 
with them helps to do this. 


Specicl curricular design 


Slow learners do not seem to succeed in the kind of mathematics (par- 
ticularly the abstract symbols of algebra) which is required of most college: 
destined students. Neither do they succeed in courses requiring a great deal 
of memorization, for example, classical or foreign languages. 

There are those who have said that, this being so, these students should 
not be in hugh school. Possibly so; but their parents, fellow citizens and tax- 
Payers, wish it otherwise. They want their children educated to the best of 
their ability, and the state legislatures have passed compulsory school st 
tendance laws. Slow learners are interested in science and can succeed in it, 
if the course is divested of detail meaningless to them (memorizing insect 
mouth parts, classification, chemical formulas, and the like; in short, in- 
formation they can look up if they ever want it). 

For the students listed in Table 8-1, the practical curriculum offered con- 
sisted of general science, biological science, and physical science (a one year 
course, see Chapter 16), nonalgebraic in nature but including the necessary 
arithmetic and dealing with relevant materials, for example: * 

Not the chemistry of preparation of bromine and of electronic balanc- 
ing, but the chemistry of materials found in the home (sodium bicarbonate, 
soap, etc.). 

Not the anatomy of the perch, but the anatomy of man. 


Not the physics of the Wheatstone bridge, but the physics met day in 
and day out by the students, 


Special teaching pattern * 


"This pattern, we believe, 
We believe it was responsible 
raising of reading, arithmetic, 


is the key to teaching the science shy student. 
for the success reported in Table 8-1: general 
and IQ. scores. Furthermore, about 85% of the 
youngsters enrolled in the general science classes in two successive years 

ig - (These youngsters, it will be remembered, 


glish and social studies adapted to their abilities 
and needs.) 


In the two control classes 





(two also in three years), LQ., reading, and 


1 See Chapters 12 through 16 dealing with th i 

Ten Qu rough tion aras with the structure of these particular courses 
gueutlation of the BE Practices rewulting from many obus 
enbgrignced in teaching slow learners Also different a 

cus at the end of the chapter were adapted to our uat Pe described an the Inerature 
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arithmetic scores changed little; and, as was indicated, only 60 per cent re- 
maíned until graduation. 

The pattern used, recounted below, is a reasonable one. This teaching 
method is useful within a core, or in special classes, and we believe that it is 
generally effective. 

Note we say “teaching pattern.” Often the expectation is, especially by 
inexperienced teachers, that there is one teaching method which is best for 
this group or that. The search for the equivalence of the philosopher's stone 
in teaching is futile. 

When one has a teaching problem, one asks "why," then "how." The 
"why" we have discussed in the previous sections of this chapter: we have 
expected of the sparrow the flying speed of the swallow. Worse than that, 
we have tried to force the sparrow to fly at the speed of the swallow, the 
sparrow has failed; the sparrow, furthermore, has shown resentment, has 
rebelled, and has finally been defeated. If we were only dealing with spar- 
rows! We are not. We are dealing with human beings, and each human being 
has dignity and moral worth of his own. Is this to remain merely a slogan, or 
can it actually be expressed in our behavior? 

In the method practiced our major purpose was to have these boys 
and girls regain faith in themselves; but we were not content with ibat. 
Once faith was regained, it was to be followed by good work. Good work was 
defined as work to one’s capacity More than that, the student was expected 
to work affably ın response to what must have been for him a very difficult 
school situation. 

Let us assume that the first weeks of the term are over. During this time 
we have discovered what interests these students. We have determined what 
they would like to learn, discussed their suggested topics in class, and finally 
decided upon a "first" topic. We have established rapport. At least the stu- 
dents recognize that we are not interested in finding out what they don't 
know, but rather what they do know and, furthermore, that we are interested 
1n helping them. 

The pattern of the lesson. One of the first things a teacher learns about 
slow learners is their relative inability to give attention over the full span of 
the "normal" period. Forty to sixty minutes ín a given activity, particularly 
iL it is listening, or even discussing, seems too much for these students. We 
therefore divided our period of 40 minutes into three subperiods of roughly 

19, 15, amd 35 minutes. Toward the end of che term we were able to have 
only two subperiods of activity, of 10 and 30 minutes. After seven months 
(we had these youngsters for a year), the full 40 minutes could be spent 
profitably on almost any simple activity, and with “good discipline.” 


To the reader: In the control group where the "normal" pattern of a 40- 
minute period was maintained, there were often interruptions in the work 
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due to “poor discipline,” i.e., excessive talking, inattention, even a scuffle here 
and there. Perhaps you have heard of similar "difficult" classes. 


THE FIRST sUBPERIOD (I0 minutes). The lesson generally began with 
an interest-begetting actsvity. But in this case the beginning activity (the 
pre-Eureka, see Chapter 6) was usually "visualized"; it was an activity in which 
all participated. For. instance, in general science— 


A lesson on respiration. “Take a deep breath. Hold it as long as you 
can. Then explain what happened sn your Jungs.” 

A lesson im wiring à circuit: Screw drivers had been brought from 
home. All had the problem of wiring a lamp so that it would light. They 
worked in groups of four. 

A lesson on the action of leavening agents: All prepared dough, some 
with yeast and others with baking powder. They worked in pairs. 


In each one of these examples either the text or mimeographed material 
was available for reference. To our minds, this is one of the most important 
procedures to be followed with slow learners, wherever possible the activity 
should include reading for a clear purpose, because, generally, these students 
have low reading scores. Also, wherever possible their activity should include 
working with others, because they often display poor discipline, which may 
be defined as an inability to work with others Within an interesting context 
we can encourage both reading and working with others, 

After the students finished the initial motivating activity (and different 
students did so at different times), they were asked to write down a summary 
of what they had done or observed. This writing activity followed every 
activity period. During this very brief writing period, consulting with neigh- 
bors was discouraged. The students could consult their texts, the dictionary 
which had been given to each of them in addition to their texts, and a small 
reference library in the classroom. 

Also, while the students were writing down the summary of their "moti- 
vating" activity, the teacher was often visiting with them; he would sit down 
beside a student and talk briefly with him as he examined what was written. 
At first the students were very self-conscious and ill at ease, but soon they 
learned that he was there to help. In this way, the teacher was able to have 
six to ten individual chats a day. Every lesson portion culminated in a writ- 
ing activity; during each writing acti y the teacher visited several stu- 
dents. We consider this procedure of the individual visit exceedingly impor- 
tant with all students, but especially with slow learners. 

‘THE SECOND suBPERton (15 MINUTES). The next portion of the lesson 
was given over to discussion of the topic of the lesson proper; the motivating 
period was to be milked dry. The boys and girls had written down their 
impressions, and had referred to a text; they had a good idea of what was 
to go on. In many cases, considerable interest was generated. 

For the discussion period a single rule was instituted by the teacher; 
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he said, “Only one person talks at a time; when I talk you should not talk, 
and when you talk I shall not interrupt.” After a number of reminders, 
students could carry on a discussion. Another help was offered them: When 
they wanted to speak, they raised their hands to the student speaking (he 
faced the class); he called on the volunteers. Soon the youngsters got into the 
habit of calling on each other; the “recitation” became socialized; that is, 
it became a discussion. We consider this procedure important; the lesson is 
not to be a recitation to the teacher, but a discussion by the class in which 
everyone participates. 

What was the teacher’s function? He raised his hand to the speaker on 
the floor when he had a question. Most of his questions were designed to 
move the discussion along the road toward a solution of the "problem," or to 
question an incorrect statement. For example: 

1. Who will find out what an x-ray is? Will you report to us? When 
will you be ready? How long will you need for your report? (These individual 
reports were limited to three to four minutes per person. A single oral report 
by a committee was normally not allowed more than 10 minutes; a longer time 
was allowed only if visualization such as a film, filmstrip, or demonstration 
was used.) 

2. How does steam make the wheels of an engine go? (After a youngster 
had remarked that steam "gave the push" that made an engine go.) Would 
you like to see this at work? (A field trip to the boiler room was planned 
as a result.) 

During the discussion the youngsters were expected to write down a 
Summary. When the discussion ended, they were expected to volunteer to 
read this summary of it to the class. We consider this procedure important; 
slow learners generally seem not to be able to write down summaries of what 
they hear. Hence the need to give them an opportunity for the activity of 
preparing written and oral summaries. 


The net result, then, of the first 25 minutes was what might be con- 
sidered the ordinary lesson of 40 minutes. The time has been saved mainly 
in the extent of the topic covered and the detail with which it has been 
analyzed. For instance, the topic “What is an electromagnet?”: for motivat- 
ing activity, groups of four students made an electromagnet (spike, coiled 
wire, dry cell, brads); the discussion period was spent in comparing an ordi- 
nary magnet, and how it worked, with the electromagnet. The youngsters 
took quite a bit of time to demonstrate that it must be the electric current 
which made the metal magnetic. Simple? Yes! But for whom? 

THE THIRD suBPERIOD (15 MINUTES). This consisted of an extension 
of the lesson and preparation for the next day’s work. To continue the 
example: The students read about electromagnets in their texts and other 
reading materials. They read this material in class, and took notes on it. 

We consider this procedure important with slow learners especially; 
youngsters who have not had experience in study should have that experience 
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immediately after the activity for which study is desired. This seems to help 
these youngsters mill their experiences dry; in addition, it helps set a pat- 
tern for home study. . 

In any event, we find that youngsters who do an activity, discuss it, then 
read about it, in a continuous time sequence, reinforce their understanding 
of what has been gomg on. And each time they culminate their experience 
by writing down a summary of their understanding. : 

We have said that the lesson was really three lessons: 10 minutes of moti- 
vating activity, 15 minutes of discussion, and 15 minutes of study through 
reading and writing. We might have said four lessons: at the end of the class 
the youngsters noted the lesson planned for the next day; this was the “as 
signment" placed on the board by a committee which had helped the teacher 
organize the work related to the topic (Chap. 7). The last three to five minutes, 
therefore, were usually given over to examining the next day's work in the 
text, or on the bulletin board, or through the showing of a few frames of a 
filmstrip dealing with the coming lesson. 

‘This was to help students in their home study of the next day's work. 
We found it rewarding to take the time to help students direct their home 
study, 

Now one might think the lesson was highly structured. Structured is 
hardly the word; it was planned meticulously in order to assure the complete 
involvement in learning of students who had "failed" in their work, to recog: 
nize their low attention span, to overcome their difficulties in communication 
skills (reading, writing, and discussion), and to help establish the healthiest 
Lind of rapport. 

Slowly, but with a commendable, recognizable shift, these students 
gained confidence and began to assume a degree of competence, They began 
to engage in intellectual activity, in begetting Eurekas. We have reason to 
believe that stow learners must develop confidence in the school, the teacher, 
and themselves, before they can gain competence in the kind of things the 
school finds important. 

As students obtain confidence in themselves it is a glorious—yes, glorious 
fais a won to find that they know a great number of very use- 
mh Prud ing 10 work. For instance, in a group of youngsters 

ce,” two of them knew more than we did about the 


practical working of the gasoline engine; one collected insects; another was 
ee with pigeons; another with tropical fish; others knew a great deal 
n^ ats, horses, cooking, jazz, painting, carpentry; and half the class 

speak another language, among many other things. One boy who 


translated Redi from the original Itali: vi ii 
li) kame ta b gi lian (with help on the technical vocabu- 


that his oth i 
M his other language, of which he had been 
In short, these 


i youngsters in to attail " 
continue learning, bega: attain status. To stay in school, to 


it seems fairly clear, one must have self-esteem and status. 
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The pattern of the day. For our slow learners, we had determined on a 
core program. In the ninth grade, this meant a program as follows: 


Period 0 Homeroom (10 minutes: one 30-minute guidance period once 
a week) 

Period ! 

Core 


Study—lunch (conference) 

Study—lunch (conference) 

Health—physical education 

Music—art 

Special skills—remedial work in math, science, or English, or 
study, or special projects, or time for special problems, even 
personal ones 


AI oe o0 I8 


Because several classes were involved, periods 4 and 5 were given over to 
a combination study, lunch, and conference. The eighth period was given over 
to remedial work m subjects or topics with which the student had difficulty. 
A student who had been absent could catch up; a student who had personal 
problems could talk them out. 

The pattern of the week. Generally speaking, each lesson and each day 
had somewhat the same pattern. 

EVER) WEER. One o the five weekly "periods" in science was spent in 
supervised study of written instructional material. The aim was to help stu- 
dents gain skill in using books, in understanding what they read. The tech- 
nique used during these periods was as follows: 

The students were introduced to the technique, when first they asked for 
textbooks, of “looking up” certain materials. (We prefer to give students their 
texts when they ask for them; too often the distribution of textbooks is made 
routine and matter-ofcourse, when jt could pack “motivating” power.) In 2 
johing way, the teacher remarked, “I suppose you have used textbooks before.” 
When students nodded, he said, “Open your text to page 127." The teacher 
then asked the students to read silently a paragraph on the page selected. 


To the reader: Won't you do this now? Read paragraph I on page 37. When 
you finish reading the paragraph turn. back immediately to this page, then 
follow the instructions given in footnote 8 on p. 160. 


Of course, you didn’t have any difficulty. But in our experience most, if 
not all, students at the junior and senior high school level, slow or rapid 
learners, are unable to do this. They have not gotten into the habit of reading 
for meaning. But the procedure and the request are repeated: “State the major 
thought of the paragraph as brief} as jou can, in one sentence if possible.” 
A few students now are able to do it; but what is more important, the students 
new know what to look for. 
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notebooks; for the next two tests, only their notebooks. Thereafter they were 
to rely on their increasing ability to sustain themselves. 

rvFRY MONTH. | Each month the youngsters had a full-period test for 
which preparation was made in class. Two days were spent in review of ma- 
terials learned. One period was spent on a test involving short-answer “situa- 
tions" (Chapters 19 and 20) and essay items. The next period was spent in 
discussing the test. A good deal of time was spent in discussing how to “take” 
tests, 

The first month's test was given as a sample; the youngsters did not turn 
it in unless they wished. The second month's test and those thercafter were 
turned in. 

This procedure in testing seems to be comparatively unique and we 
earnestly recommend its trial. The test developed was liked by the youngsters, 
or at least it was faced without the usual distress; parents liked it as well; it 
had the interesting characteristic of stimulating youngsters to study and to 
read beyond the requirements of the day. It has always worked for us. The 
test is fully described in Chapter 20. 

Why spend so much time on this procedure? Because these students, these 
slow learners, had a mortal (is the word too strong?) fear of tests, which they 
had so often “failed.” Their confidence had to be built almost afresh. They 
needed to discover that tests could be used to determine what one understood, 
what one had failed to understand, and how one could continue to grow, to 
advance. 

Special techniques. Whenever one attends meetings dealing with effective 
methods of teaching slow learners, one finds stress placed on the use of visual 
aids (see Section V, Tools for the Science Teacher: The Film, The Chalk- 
board, The Filmstrip, The Field Trip, etc). Yer it is not through the exten- 
sive use of visual aids that special help is given slow learners, but through 
the way they are used. In our experience, the best way of using visual aids con- 
sists in our central aim in developing teaching technique to be interesting, not 
boring; and in so doing. to make students do their “damnedest with their 
minds, no holds barred.” This applies to all learners, whether they are slow, 
moderate, or rapid. 

What then are the differences in dealing with "slow learners," the science 
shy, as compared with the “rapid learners” or “moderate learners”? 

1. In the supportive technique used by the teacher. Slow, moderate, and 
rapid learners need support, but slow learners need the most support. Slow 
learners have failed previously and need successful practice in the things de- 
manded of them in school. (Rapid learners have succeeded in the things de- 
manded of them in school, but need support in inventing, in imagining, in 
breaking away from conformity to the things which denote school success.) 
Slow learners need, in short, to attain status. Such remediation as is practiced 
shoul? be done in full realization that its intention is to be supportive. 

2. In the expectation of the kind and amounts of success to be attained 
by slow learners. 
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Tn addition, the students arc asked when they read anything to write down 
their brief summaries of major thought, paragraph by paragraph. They then 
have a summary for ready reference of what they have been reading. 

This simple technique was the central one in helping students to improve 
their reading and study habits Once a week a lesson was selected for study in 
this way. The motisating activity was still 2 demonstration, a class activity, 4 
film, or a filmstrip, but the next two subperiods (15 minutes each) were devoted 
to solving by reading the “problem” raised in the motivating activity. After 
the first 15 minute period, several minutes were taken to permit the reading 
aloud of some of the summaries. 

Naturally, the studcnts were taught also how to use the table of contents, 
index, glossary of the text, and the dictionary (abridged and unabridged), as 
well as the library. Once a month a lesson which demanded going to the library 
was planned. 

We believe this is another important procedure with slow learners; they 
need the opportunity to learn to read for meaning, By the way, students regu: 
larly reported that they had reduced the ume needed to do their homework 
alter they learned this technique. And generally speaking their reading scores 
went up. (The reading scores of the control group went up also, but, with the 
exception of two students, the rise was not as remarkable as in this “experi 
mental" group ) 

At the end of two months students gencrally wcre using their notcbooks 
well, they were reporting in them summaries of major ideas gleaned from class 
discussion, from observing films, filmstrips, and demonstrations, from partici- 
pating in laboratory work, and from reading. 

Soon we found that some youngsters learned to read very well; their test 
scores showed that, in one sense at least, they could go into the “normal” stream 
‘These were permitted to replace the supervised reading period with a project 
period, They worked on such projects as are listed in Section V, Tools for the 
Science "Teacher: ‘The Project. 

At the end of the term each youngster had developed at least one project 
of his own. We gave over a week at that time for youngsters to present their 
individual projects to their classmates. We also had a small "Science Fait" with 
three prizes for the best exhibits, 

‘The core idea Jent itself exceedingly well to the project idea, because on 


one day or another two, or even three, periods could be given over to the 

Project, or to any individual or group activity, 
EVERY TWO WEEKS, 

which they themselves corr 


such as a play or a field trip. 
Every two weeks the youngsters had a short test 


, ected and, for the first two months, did not turn 
in unless they were satisfied with their grades The test was usually a short- 


answer form {see Chapters 19 and 20): multiple choice items testing simple 
recall, some experience recall, and a "thought question” or two. 


For the first two tests youngsters were permitted to use their texts and 
"In a single sentence, in your own ‘words, state the main thought of the paragraph. 


140 PATTERNS IN TEACHING SCIENCE 


difficult detail, or quantification) were directed at them. Examinations were 
designed in which their scores were adjusted so that if they worked to their 
fullest, they "passed." 

In our general science courses we finally found it convenient to practice 
heterogeneous grouping. With all young people in their junior high school 
years (seventh, eighth, ninth grades; slow, moderate, rapid learners), it is a 
good practice to break up the period just as we did for slow learners. "This 
helped all the youngsters, particularly those who had just come from an 
elementary school, to develop greater personal control. We found, too, that 
even the best students benefited from help in learning how to read. Since one 
and even two periods a week could be given over to individua] work, both 
project and group work, ample consideration was given to individual dilfer- 
ence. In addition, different texts were used, as well as the individualization 
of instruction described in Chapter 3. 

After general science, there were available courses in biology and physical 
science which were characterized by the absence of quantification and excessive 
detail (see Chapters 12 and 14 on the courses in biology and physics). The 
justification for these courses, in a large school, resides in the fact that if 
students are permitted choices with intelligent guidance, they generally make 
sensible choices. The important thing is that no stigma be attached to the 
choices made. While this is difficult to attain, it is worth while to seek, And 
while perfection cannot be reached, a reasonably efficient operation may be 
established. 





Grades 


Inevitably, from the ways in which schools operate, grades for this group 
of the science shy were required. On what basis could they be given? According 
to the “normal standards” these students were probably doomed to failure, 
which is why they were in this special group. But once this was known, they 
could be graded on the basis of their effort, which was quite apparent, and 
their achievement on projects and tests. Certainly these grades could not be 
used for “college admission”; but no one was worried, for this was an unreal- 
istic criterion from the start. Therefore the grades generally ranged from 65G 
10 90G; the G implied that this was a "noncollege" course. On the scale used, 
60 was considered the borderline between failure and passing. Similar “non- 
College" grades were given for the special sections in biology and physical 
science chosen, with advice, by these boys and girls. 

Why did we develop, beyond the general science level, courses which per- 
mitted what might be called homogencous self-grouping? A large school in- 
cludes such a variety of abilities that special groups would permit children to 
compete with their near equals. Also the numbers involved permitted this 
arrangement to be economically practical. It is in practice one form of what 
is often termed “indisidualization of instruction.” 
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5. In the scheduling of the rate of attainment of whatever success they 
achieve. 

4. In the expectation of success in quantifying phenomena (abstract mathe 
matics is generally not for slow learners). 

5 In the expectation of success in memorizing. ix 

6. In the realization of their destination (they are not college-destined). 


Progress report 


Alter ten months of work together in the general pattern delineated in 
the preceding section, the youngsters gained confidence and as much compe. 
tence as the lnmitations of the school situation and the teacher, and their own 
inventiveness could muster. 

‘The young people showed the general improvement in test scores reported 
in Table 8.1. Although the group was very small, and we cannot base a statisti- 
cal analysis on it, one may still indicate the nature of their improvement 
Furthermore, of the 31 students ín this class, 27 stayed on for graduation (3 


compared with 17 out of 31 in the control group). Possibly these "data" may 
stimulate a full investigation. 


The science shy in heterogeneous groups 


It might be assumed that it was the core program which was the key to 


what the teachers participating in this “experimental work" would consider 
their success On the contrary, 


the core idea was abandoned after two years be 
cause the teachers agrecd that the significant element in the readaptation of 
the youngsters, their regaining of faith in themselves, was not the core ap 
proach but rather the supportive technique used. In the next three years 
youngsters of the type described in Table 8.1 were placed in regular classes 


with science teachers who were skilled in these supportive techniques and in 
the teaching techniques we have recount. 


teachers used these techniques with all t 
But, in addition, their instruction accoi 
their expectation of success in learnin; 
ing situation and the learner. 
abilities and limitations; and al 


‘ed for the slow learners. In short, these 
heir students--slow, moderate, or rapid. 
unted for individual differences; that is. 
g was related to the realities of the learn- 
Slow learners were respected for their special 
HI were expected to do their best. 

‘Thus in a heterogeneously grouped class in general science, the pattern 
for the first two months developed s ‘larly to the one we have recounted for 
IY. Even the most. rapid learners need to improve their skill in 
ja emmarizing, in planning their work, in taking tests. Even the 
most rapid learners can stand supportive techniques, and do need them; ex 
pectations for their continued success are high, and these also breed tensions 
and misgivings, 


After the first two months, 
tinued in several ways, In clas 








Special attention for the science shy was con 
S, specially designed questions (not requiring 
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TABLE 8-2. Techniques used in discovering rapid- and slow-learning pupils * 





Teacher marks 

Group intelligence tests 

Teachers’ estimates of school achievement 
Information on physical health 

^ Standardized achievement tests 

. Guidance counselor's appraisal of pupils’ interests, aptitudes, and abilities 
. Informauon on vocational plans 
Information on reading interests and habits 
. Information on home environment 
Anecdotal reports and records 

Information on personality adjustment 
Teachers’ estimates of aputudes 
Information on social matunty 


Been age penn 


sum 


Homeroom advisers appraisal of pupils’ interests, aptitudes, and abilties 
15 Information on hobbies 

16. Individual intelligence tests 

17. Teachers’ estimates of intelligence 

18, Standardized aptitude tests in specific fields 

19, Parental appraisal of pupils’ interests, aptitudes, and abilities 


TABLE 8-3 {nstructional provisions and procedures in science * 





1. Insist that students report science experiments honestly and accurately. 


2. Encourage students to use scientific encyclopedias and refesences in preparing science 
reports. 


3. Include student. activities to stress basic slills, such as reading tables, observing experi 
ments, and spelling common science words, 

4. Guide students’ experiences in helping with science demonstrations. 

5. Give students experience in helping with science demonstrations 


6, Help students understand scientific reasons for fire and safety rules, sanitary standards, 
and/or first-aid practices. 


7, Discuss with students the qualities that help a person hold a job in industry. 

8. Encourage students to read stories about famous scientists, 

9, Teach students t0 read and evaluate science materials from newspapers. 
10, Guide students to evaluate science notebook work against appropriate standards, 
11. Stimulate students to plan and carry on projects of the experimental research type. 
12 Encourage students to collect clippings on the utes made of science in everyday life. 

13. Arrange for students to become assistants for class, laboratory, and/or science dub work, 
14, Encourage students to engage in recreational reading of science fiction. 


15. Help students to understand how tools, such as the hammer, plane, drill, and screw 
driver, operate. 


16. Announce and conduct discussion of radio, television, and moxie presentations of scientific 
menu. 


17, Help students to analyze science information in statistical form. 


18 Help pupils participate in pupil teacher planning to discover real problems for study 
in science. 


——————————————M———————— 


* From Teaching Rapid and Slow Learners in High School, p. 16. 
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Our special invention may not ultimately be satisfying to everyone, but 
xt fitted our needs As the result of an invention which attempts to deal with 
all students, the school becomes a place where individuals exercise their indi- 
vidual differences in as individual a setting as the school can reasonably 
provide. 


A short excursion 
into developing one’s own approach 
with the science shy 


8-1. On heterogeneous and homogeneous grouping, the U. S. Office of Educa- 


tion Bulletin No. 5, Teaching Rapid and Slow Learners in. High School? 
reports: 


Almost half the schools reported attempts to place pupils in ability groups of 
some kind Schools were asked to name the subjects for which attempts had been 
made to provide homogencous groups for both rapid and slow learners, and for 
slow learners alone. In both instances the subjects mentioned most frequently 
were English, mathematics, social studies, and science : 

Schools were invited to indicate which of the 23 administrative provisions 
they had tried and abandoned, and the reason for giving up any procedure. Re 
sponses to this query were meager and hardly worth reporting except, possibly. 
for the attempt to group pupils homogencously {italics ours). This administrative 
provision had been tried and abandoned by three principals of senior high schools, 
four principals of regular high schools, and sixteen principals of junior bigh 
schools The reasons gisen most frequently were: “parents raised objections, 
"social sugma was created,” “results were not apparent,” “provisions were incon 


sistent with the philosophy of the school,” and “the staf preferred to adapt in 
struction to the indnidual pupil.” 


(a) What is your stand? Which is best? Is there any base in evidence that 
one is sounder than another? 


(b) Normally is there homogeneous grouping in physical education? In 
art? In music? In trigonometry? In calculus? 


8-2. What devices illustrated in this chapter might be useful in a small school? 
Ina large school? 


8-3. You may find it useful to compare the devices used for the science shy 
with those used for the science prone (Chapter 9). 


84. Table 8-2 is a list of techniques used in disco ering rapid and slow learn- 
mng pupils, Table 8-3 is a list of instructional provisions and procedures in 
science. 


(a) If you are now teaching, which are used in 
ures in your school? 


‘ould you try if you were the administrator in charge of 3 
school? 
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CHAPTER 9 


Patterns in teaching science: 


The science prone 


A note at the beginning: In essence, one becomes a writer by writing, a painter 
by painting, a scientist by “sciencing,” a mathematician by 
“mathematizing.” And the sooner he writes, or paints, or 
does science or mathematics, the sooner he creates, the 
sooner he actually becomes a writer or painter or scientist 
or mathematician. A course in which the youngster has an 
opportunity to create fits our gifted, or science-prone, stu- 
dents who are expected to become, among other things, our 
“doers,” our “creative minds,” our innovators and inventors, 
our originators ín all areas, Certainly it is essential for young 
people to study textbooks and to repeat experiments via 
the workbook and manual, for the knowledge gained is 
essential to the preparation of all cultured men-scientists 
and mathematicians among them. A course in "Great Ex- 
periments” or “Great Laws” or “Great Principles” (our pres- 
ent courses in science and mathematics) is just as valuable 
as a course in “Great Books.” But it is hardly sufficient. To 
originate, boys and girls must have opportunity to "create" 
on their level. This implies both time and motivation, 
within an encouraging school atmosphere. "These in turn 
imply a teaching method which recognizes pupils' strengths 
and abilities, as well as their weaknesses and lack of experi- 
ence. It means constant labor, a scholar's attitude, and work. 

We should like to discuss the methods of dealing with 
creative minds under the rubric of "science proneness." The 
term does not seem especially appropriate, but "gifted," 
"rapid learner," "science talented," and the like, seem even 
less appropriate because they assume a difference both quali- 
tatively and quantitatively in the students we are trying to 
assess. Again we follow our own general policy; the chap- 
ter is intended to help the reader develop his own personat 
invention in method of dealing with the "science prone," 
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"hi i i vould you use for the “rapid 
85. Which provisions in Tables 82 and 83 would you use e "rapi 
learner"? “The “slow learner"? The "moderate learner"? Which provisions in 


this chapter would you try for the "slow learner"? The "moderate learner"? 
The “rapid learner”? 


8-6. There ıs a wealth of published material on the science shy. Perhaps some 
of the references below will be useful to you in developing your own invention 


Allen, A. A, Let Us Teach Slow Learning Children, rev. ed , Columbus, Ohio State 
Department of Education, 1955. 


Cappa, C, and M Pies, Retarded Children Can Be Helped, Great Neck, N. Y: 
Channel Press, 1957 


Cleugh, M F, The Slow Learner Some Educational Principles and Policies, N. Y+ 
Philosophical Library, 1953 . x 

DeHaan, R. F, and J. Kough, /dentifyeng Students with Special Needs, 2nd ed, Vol 1. 
Chicago Science Research Associates, 1956 x 

“The Education of Handicapped and Gifted Pupils in the Secondary School” Na 
tional Association of Secondary School Principals Bulletin, Vol 89, No. 207, Was 
ington, D C, Jan 1955. Ts 

Featherstone, William, Teaching the Slow Learner, rev. ed, N. Y.: Bureau of Publi 
tuons, Teachers College, Columbia University, 1951. 


Heck, Arch O, The Education of Exceptional Children, 2nd ed., N. Y; McGrawHill, 

1958. 

$ Heiser, Karl, Our Backward Children, N, Y.: W, W. Norton, 1955. —— i 

"High School Methods With Slow Learners," National Education Association Researc 
Bulletin, Vol 21, No 3, Washington, D. C, Oct. 1943. 

Kirk, $ A, and G. O. Johnson, Educating the Retarded Child, Boston: Houghton 
Mifin, 1951 


* Kirk, S. A, M. B. Karnes, and W, D Kirk, You and Your Retarded Child, N Y: 

Macmillan, 1955. 

Lightfoot, G., Personality Characteristics of Bright and Dull Children, N. Y.: Bureau 
of Publications, Teachers College, Columbia University, 1951. 

> Loewy, Herta, Traming the Backward Child, N. ¥~ Philosophical Library, 1956- 

Martens, E H, Curriculum Adjustments for the Mentally Retarded, U. S. Office of 
Education Bulleun No 2, Washington, D. C, 1950 

National Society for the Study of Education, Forty Ninth Yearbook, Part 2, The Edw 


cation of Exceptional Children, Chicago U. of Chicago Press, 1950. 
The Slow Learner in the Average Cle 


sion lassroom, N. Y.: Metropolitan School Study Council. 


Teaching Rapid and Slow Learners v 
lean No. 5, Washi; 
Watlin, 


n High School, U. S, Office of Education Bul- 
gton, D C: U.S Government Printing Office, 1954, " 
J. E. W., Education of Mentally Handicapped Children, N. Y.: Harper, 1955. 


* These books are mainly for parents 
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sider one of theit conclusions particularly useful in developing a teaching in- 
vention: 


These findings suggest that an acceptable criterion for exceptional per- 
formance in science and other academic areas must be sought outside the province 
of intelligence Apparently there are forces other than intelligence at work lead- 
ing to exceptional achievement in science and other areas, such as motivation, 
onginality, and creativity. 


The predisposing factors 


The characteristics grouped under the predisposing factors consist of two 
major ones. The first includes a group of traits which we call persistence. This 
consists of at least three attitudes: 


1, A marked willingness to spend time, beyond the ordinary schedule, on 
a given task; this includes the willingness to schedule one’s own time, and to 
labor beyond, say, a "'9-to-5" day. 

2. A willingness to withstand discomfort; this includes adjusting to short- 
ened lunch hours, or no lunch hours, working without holidays, withstanding 
fatigue and strain, and working even through minor illness, such as colds or 
headaches. 

3. A willingness to face failure, with this comes a realization that patient 
work may lead to successful termination of the task at hand. 


"The second characteristic within the predisposing factors we call questing, 
This attribute is shown by a continuous discontent with present explana. 
tions of the way the world works—that js, a discontent with present explana- 
tions of various aspects of reality. 

Roe, Kubie,* and other qualified workers are entering upon a study of 
this most important phase. Although we are not psychologists or psychiatrists, 
we doubt that questing necessarily originates in neuroses or traumata in child- 
hood. Possibly it has its origin in the mechanisms of sublimation. But further 
comment on the origin of this behavior is best left to others more qualified to 
study and speculate upon the scientist's inner lile. 

However, it may be useful to describe what questing is not. The superficial 
“so what?” attitude is ot characteristic of questing. The general acceptance of 
authority in a given field of scholarship without question and without ascer- 
taining the reliability and validity of that authority is not characteristic of 
questing. 

M seems clear that genetic and predisposing actors are not the only 
ones operating in the making of a scientist. Opportunities to get further 

training and also the inspiration. oI indhidual teachers are additional 





3A. Roe, The Making of a Scieutist, Dodd, Mead, N. V., 1953. 

L. “Kubie, “some Unsohed Problems of the Scientific Career.” American Scientist, 
Oct. 1953, pp. 596 613. and “Socio Economic Problems of the Young Scientist,” American 
Scientut, Jan. 1934, pp. 100 12. 
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The nature of science proneness—a working hypothesis 


IE there ıs any lesson to be gleaned from a study of modern GEEN 
sociology, and anthropology, st is that the organism is a product of its heredity 
and its environment. Indeed one of the major conceptual schemes of our cen 
tury is that the individual and his environment react upon each other. Even 
if we were to assume that high ability in science (science proneness) was pti 
marily an inherited factor and was identifiable as such, we could not imm 
chat it would automatically mature. We should need to assume that high ability 
will be expressed most favorably in the most favorable environment, E 

As a working hypothesis we assume that, whether or not high ability in 
science can be identified as a hereditary factor, whether or not it can be identi 


fied by testing devices, it will still be exhibited at its highest level in the most 
favorable environment. 


Genetic factors * 


Observation of research scientists at work shows that high verbal ability 
{oral or written) and high mathematical ability generally characterize those 
who remain in scientific research. The operations of the modern scientist ke 
deed require that he report his findings to his colleagues orally and in E 
in acceptable English and often in acceptable mathematics. High verbal an 
mathematical abilities we have called genetic factors. "They appear to have a 
relationship to high intelligence and may have a primary base in heredity. 
There are, of course, other genetic factors. Among these are adequate 
neuromuscular control, especially of the hands, and at least adequate vision 
AIL these factors are usually necessary but not sufficient for success in 


science, for any individual is the product of both his heredity and his environ 
ment, We can recognize the hereditary components and modify the environ 
mental ones, 


i ing which we call the predisposing factors—fac- 
tors “outside” the general sphere of intelligence, 


, IP a significant paper? Anderson, Page, 
things, the degree of relationship existing 


and Smith analyze, among other 
ability in other areas; they also analyze va 


between science achievement and 
riability in achievement, We con- 





s The term “genetic factors” is used to desenbe characteristics with a base in intelli- 
Feet ad genera! muscular control, winch ze dut accepted as hereditary charactenstics 
‘See L. M. Terman et al, Genetre Studies of Gerius, Stanford Untversity Press, Stanford, Cal» 
goes dde ois The term “genetic” as esed Rr ii the same way as 1t was used by Terman. 

b a aenn, T. C Page, and H A. Smith, Study of the Variability of Excep- 
1988, pp. 459. ^ Semen im Saence and other Academe Areas," Science Education, Feb. 
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sider one of their conclusions particularly useful in developing a teaching in- 
vention: 


These findings suggest that an acceptable criterion for exceptional per- 
formance in sence and other academic areas must be sought outside the province 
of intelligence. Apparently there are forces other than intelligence at work lead 
img to exceptional achievement m science and other areas, such as motivation, 
originality, and creauvity. 


The predisposing factors 


‘The characteristics grouped under the predisposing factors consist of two 
major ones. The first includes a group of traits which we call persistence. This 
consists of at least three attitudes: 


1, A marked willingness to spend time, beyond the ordinary schedule, on 
a given task; this includes the willingness to schedule one’s own time, and to 
labor beyond, say, a “9-to-5” day. 

2. A willingness to withstand discomfort; thís includes adjusting to short- 
ened lunch hours, or no lunch hours, working without holidays, withstanding 
fatigue and strain, and working even through minor illness, such as colds or 
headaches. 

3. A willingness to face failure, with this comes a realization that patient 
work may lead to successful termination of the task at hand, 


The second characteristic within the predisposing factors we call questing, 
This attribute is shown by a continuaus discontent with present explana. 
tions of the way the world works—that is, a discontent with present explana- 
tions of various aspects of reality. 

Roe, Kubie,* and other qualified workers are entering upon a study of 
this most important phase. Although we are not psychologists or psychiatrists, 
we doubt that questing necessarily originates in neuroses or traumata in child- 
hood. Possibly it has its origin in the mechanisms of sublimation. But further 
comment on the origin of this behavior is best left to others more qualified to 
study and speculate upon the scientist’s inner life. 

However, it may be useful to describe what questing is nof. The superficial 
“so what?” attitude is not characteristic of questing. The general acceptance of 
authority in a given field of scholarship without question and without ascer- 
taining the reliability and validity of that authority is not characteristic of 
questing. 

It seems clear that genetic and predisposing factors are not the only 
Ones operating in the making of a scientist. Opportunities to get further 

Uaining and also the inspiration of individual teachers are additional 


2A. Roc, The Making of a Scientist, Dodd. Mead. N. Y. 1933. 

l. Kume, “ome Unwheal Problems of the ‘Scientific Career.” American Scientist, 
Oct. 93$, pp. 596 615, 2nd “Socio Economic Problems of the Soung Szientist^ .bnereus 
Scientist, Jan. 1955, pp. 101 12. 





factors to be considered in reaching a working hypothesis on the nature ol 
high-level ability in science. 


Activating factors 


Knapp and Goodrich * have studied the place the college teacher has in 
stimulating individuals with high-level ability in science. Time and time 
again, without exception, the working scientists with whom we have talked 
have stated their indebtedness to one or more teachers and cited the oppor 
tunities these teachers made available to them, On this basis, it seems reason- 
able to assume that another major factor needs to be added to the two already 
stated. This we call the activating factor. This factor is concerned with oppor- 
tunities for advanced training and contact with an inspirational teacher, With 
out activation, potentialities may be lost or turned to other areas. 

As a result of these preliminary excursions into the problem of what 
makes a scientist, this working hypothesis on high ability in science is put 
forth tentatively: 

High ability in science is based on the interaction of several factors— 
genetic, predisposing, and activating. All three factors are generally necessary 
to the development of high ability in science; no one factor is sufficient in itself. 

The ambiguity and tentativeness of the hypothesis are deliberate: we are 
trying to investigate an element in social behavior (high ability in science, 
science proneness, giftedness) which has not been clearly defined in operational 
terms, Here we are caught on the horns of the usual ditemma of the investi- 
gator of social events. We need to define the trait so that we may observe it 
But when we arbitrarily define it, we run the risk of not knowing what at- 
tributes and behaviors to observe. 

Cureton * has made the point that we are on relatively safe ground at the 
start, if we admit that we are operating in an ambiguous area. Then an investi- 
gator may at least state his hypotheses to his own satisfaction, provided they 
are not ambiguous to him, and proceed to test them in the light of clearly 
understood operations. As he learns more and more, his hypotheses and ob- 
servations clarify themselves, one in counterpoint to the other. 


Now what detailed information do we have about the occurrence and 


relative importance of the various factors we have postulated? The literature 
cited, and additional references at the end of this chapter indicate that these 
factors and perhaps others are important, but in what combinations and to 
what extent? Once again, as in the previous chapter, we turn to a long-term 
investigation with which we are intimately acquainted, ‘This permits us to think 
of individuals whom we have known and followed, rather than to rely only on 
statistical reports of other studies. Over a period of approximately ten years 
Chua, Igi PP and H. B. Goodnch, Origins of American Scientists, U. of Chicago Press, 


PEE C d ; 
5. C, ios. uteton, Educational Meosurement, American Counal on Education, Washington, 
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careful observations and records have been made of more than 400 outstand 
ing children in the Forest Hills High School in New York. Checks have been 
made also against the life histories of individual scientists who are personal 
acquaintances. 


Evaluating the role of the genetic factor 


In an attempt to determine the relative importance of the several postu- 
lated factors, we find that a lower limit separates those who might become 
creative scientists from those who almost surely will not, no matter what their 
hopes or perseverance are. Case studies, growing out of the Forest Hills experi- 
ment, of 31 working scientists show that all had, to a considerable degree, both 
genetic factors: high verbal ability and high mathematical ability. All also had 
high academic achievement in high school and in college science courses. 

Common observation reveals that not all youngsters with high I.Q. scores 
and high verbal and mathematical scores choose science as a vocation. This is 
all to the good, for we need competent people in all areas of human activity. 
Some tenth graders have no interest in science; how this came about is not 
known, but it would be interesting to explore. Others who seem interested 
in science in the tenth grade do not have this interest sustained; other areas of 
study are competing for their interests. The genetic factors, as we haye defined 
them, are a necessary but obviously insufficient condition for selection of 2 
career in science. What, then, is the lower limit of these genetic factors which 
separates the "possibles" from the "improbables"? 

More than 400 ninth-grade students with the highest academic achieve- 
ment (averages of A, or over 909%) were tested for I.Q., reading comprehension, 
and arithmetic ability. More than 90 per cent of these were in the upper 10 per 
cent of the school's distribution of scores on the tests. Forty per cent of these 
youngsters had I.Q. scores above 140, reading scores of 15, and arithmetic 
scores of 12 or higher. 

These youngsters all took a series of tests of the Psychological Corpora- 
tion, as well as Thurstone’s Tests of Primary Mental Abilities, Form A (ages 

11-17), in which the subtests were: Verbal Meaning; Reasoning; Number and 
Word Fluency, All 400 students scored on both series above the national 
median, OF those now engaged in scientific research (59 students) all but one 
scored at the 90th percentile or higher. 

All of the 59 students now known to be doing scientific research had I.Q-s 
of 135 or above * and minimum reading and mathematics scores of 15 years 
and 12 years respectively in the ninth grade. All subsequently achieved grades 
of 93 per cent or higher in their science and mathematics courses. 

From these data, which have considerable "face validity," a base level of 
the genetic factor can be set operationally at LQ. score 135, ninth-grade reading 








«P. A, Witty and $. Bloom, “Education of the Gifted," School end Societ. 78, 195: e 
113 L9, uc a lower lesel of IQ at 130 for “gilted children.” "2549 4999 pp. 
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TABLE 9-lq Two case studies 





Case Study 1 


Summary of a Typical Case Study: High School Student Rated 4 5 on the Scale 

of Predisposing Factors (disguised slightly) 

Male, lth grade, 15 years 

Splendid attendance record (absent 4 days in high school career) 

1Q 153, reading score 16 plus (9th year), arithmetic score 12 plus (9th year) 

Scholastic average 95 6 

Intends to take science, mathematics, language 4 years 

Plans to go to Harvard, M LT , or Princeton 

Extracurricular acun ities’ Engineering Club, Research Club, Social Studies Honor 
Society, Saence-Math Honor Society, fencing, school newspaper 

President of general recitation classes, and of one dub 

Hobbes chess, piano, reading, bilhing (Boy Scouts), woodworking 

Works weekends in pharmacy—deliveries 

Pleasant yet hurried, never thinks of himself, cannot say no, takes on activities on 
own miuative, always bemoaning lack of time, refuses to pity himself for any 
misfortune, high ambitions for public service, high sense of responsibility and 


integrity, a leader in scholarship, respected by his classmates, shy, great affection 
for father. Learning to accept himself and environment 


Ambition: Research physicist 


Cose Study 2 


Summary of a Typical Case Study: High School Student Rated 8 minus on the 

Scale of Predisposing Factors (disguised slightly) 

Male, 11th grade, 16 years 

Good attendance record (average 4 days’ absence each year) 

LQ 151, reading score 16 plus (9th year), arithmetic score 12 plus (th year) 

Scholastic average 89 6 

Intends to take science, mathematics, language (4 years) 

Plans on Harvard, Michigan, or Cornell 

Extracurricular activities: Tropical Fish Club, Research Club, school newspaper 

Mabbier and afterschan) acit vies: baseball, basketball, soca? eXeb, orckesira, 
tennis 

Does not work after school. Often does not do homework (sas he knows his 
"subjects" without doing it) 

Pleasant, loquacious, likes to pass time of day, willing to serve but has to be 
asked, popular with students and teachers, a great organizer of parties and group 
activities (almost always tales on collection of dues, etc), makes friends easily 

Ambition: Dentistry, medicine, or science writing 
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SCALE i 0 i Y i 2 i 3 1 4 i 5 
| T i i I I 
Item 6 
Scholastic below 86-88 88.90 9092 92-95 over 95 
average t 86 (first 4 
of grad- 
qn all sub- tating 
jects through das) 
7ih term, in- 
cludes 3% 
pears of a 
full academic 
program) 
Item 7 
Nature of httle news school amais noven, novels, 
į apers assign- mainly modern modern 
ES. PE ments modern and casse, and 
(reported in plus his- classic, 
interview) tory plus 
philos- 
ophy, etc, 
ltem 8 
Type of per- average like Case like Case 
sonal history (like case Study 2 Study 1 
study of 
student 
with IQ 
105, scho- 
lasic 
average 
75-80) 
Hem 9 : 
Ambition, or “lary” normal intense 
drive ambition desire to 
but gets get ahead; 
over dis- does not 
appoint- get over 
ments disap- 
readily pointment 
readily 
Hem 10 
Tendency to rarely ass readily 
ask questions asks questions asks ques- 
questions; when tions, 
accepts stimu often 
intor- lated by quite 
mation informa- original, 
tion given insatiably 
by others curious 
SCALE | 
x 3 5 


d Scholastic average is, of course, a frail thing subject to all the errors of the teaching in- 
vention (sce Section IV) 


——————————————————— 
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vs 


ninth grade} and 12 plus an a standard arithmetic test. The basic noes 
between the tue members of a pur was not the genetic factor (or s ec 
nomic baikground) or vocational commitment. On the scale of pred pons 
factors esch one on the experimental group had an average score of 1.5 0r mort, 
while those in thy control group averaged 3 or less. “Their observable behavior 
was clearly different . 

It seemed useful to assume duit those with both high genetic and pre 
disposing factors as defined here would tend ta be successful in the jener 
competitise endeavor of science, judgment could be based on success in col kis 
admission to graduate school, granting of fellowships and a«istantships, an. 
success in research, | = hh 

Clearly, or so it scems to us, a high attendance record, a high rating in 


PN a 
item 3, for example, and a history like that detailed in Case Study ] mean. 
hugh emotional commitment. 


Evaluating the role of the activating factor 


We have been able to observe and study 82 teachers * who were apparently 
suceess(ul in stimulaung science prone students to do creative work and to 
commit themselves to science. In addition, we knew 22 of them personally, and 
so knew more about them. ‘Their major characteristics were these: 


1. More than 90 p«r cent of thc 82 (95 mien, 17 women) had a master's 
degree in science, in addition to the requisite work in education. They were 
exceptionally well versed in the subject matter of science. 

2, Mote than 50 per cent of them had at one time or another matriculated 


for a doctorate in science or in education, “I here were eleven IP'h.D.’s (six in 
science and five in education). 


3. More than 50 
schools of education) a 








per cent of them had taught in college (liberal arts or in 


t one time or another. "I his varied from full time teach 
ing to one or more courses during the week, 


4. More than 90 per cent of them had 


published at feast one paper in 
science or in education, 
5. All but one had been an offcer in a loca! or national organization of 
teachers, 


6. All had, at one time or another, been members of a committee to 
formulate the courses of study or a curzicul 


d um for the school district or town- 
ship in which they taught, 


All were in general good health and 
records; very rately were th 


8. All of the 82 


had remarkably high attendance 
cy out of school for reasons of personal illness. 

Participated in extracurricular activities; not only did 
these include science work, but work in music, publications, athletics, and so 
forth, (The 22 who were observed directly often gave up lunch and some 
39 See P, F, Ri 


1955, pp. 63 65, for the creria upon 








randwen, The Gifted Student as Fut 


^ which these teachers 





* Scientist, Harcourt, Brace, N. Ya 
vete selected. 
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evenings to work with students, They often came to schoo} long before their 
first class to meet with students or to prepare for special work with them.) 

9. The average age of the 82 was 40 years, plus or minus 2. ‘The “plus or 
minus 2" is necessary, since in a number of cases the exact age could not be 
ascertained. (Of the 22 known personally the average age at the time of obser- 
yation was 39.2 years.) 

10. The 22 whom we knew personally were expert in hobbies which 
ranged from chess to collecting antiques. All of these had some regular 
athletic activity walking, tennis, gymnastics, handball, or baseball. 

11. The 22 were invariably vigorous in their personal manner and, in our 
judgment, were people of decisiveness. 

12. Twenty of the 22 were considered to possess a sense of humor. 

13. We would judge eight of the 22 observed teaching (in public and pri- 
vate schools) as outstanding and inspiring master teachers, ten as superior 
teachers, four as average. The 18 superior or outstanding teachers were dy- 
namic personalities both in classroom and extracurricular activity. Of these 18, 
17 were experts in discussion techniques, and their classrooms were centers of 
student activity; they rarely lectured. One lectured in a private school. AN 
were splendid demonstrators and experimenters; they had at one time or an- 
other given demonstrations before teachers’ groups. 

14. All 22, however, were dissatisfied in one way or another with their 
progress in teaching, with the state of knowledge of the Jearning process, and 
with the professional status of teachers. All 22 were in some way (committees, 
officers of associations, editors of journals) associated with at least one effort to 
improve instruction. 

15. AN 22 liked children. All were vitally interested in science and in other 
intellectual pursuits. 

16. We could not fail to note that these teachers were in the relation of 
the "father" or "mother" image to the youngsters who were interviewed, These 
teachers were, in short, not only admired and respected as teachers of subject 
matter, but as teachers in the ways of life. They were guides, counselors, friends, 
guardians, and father- or mother-surrogates. 


Aside from this, it was very clear that they held up to their students firm 
standards of competence in scholarship as well as in behasior. In brief, there 
seemed to be an element of accepted “coercion” (since it was accompanied by 
sympathetic, even warm, treatment by the student, without fear or threat af 
punishment). Knapp and Goodrich have amplified the point in their work, 
Origins of American Scientists™ A distinctly personal impression remains that 
these teachers were first of all fine human beings; on the whole they were sensi- 
tive to human problems, they were considerate of others, and they were plucky 
in the face of the frustrations teachers must undergo. They had considerable 
respect for the goals and the dreams of boys and girls. 





11 R. H. Knapp and H. B. Goodrich, of. cit, p. 170. 
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TABLE 9-2. Observoble characteristics of able students vocationally 
Interested In science compared with equally able students 
not vocationally interested in science 


———————————— 


Tlurly able studen's with vocational inter- 


est an science ("experimentats") 


Thirty equally able age mates without science 
vocational interests (“controls”) 





1 Outside school the majority tended to 
mndnidual sports tennis, cycling, fencing, 
walking Very few in team sporis. basket- 
ball, baseball, football 


2 A mayor part of the time spent in read- 


ing and other intellectual activities, bome 
work, listening to music, school club activ 
uct, Minor, although significant, amount of 
ume in social activities such as doncing 


3. A major part of time in self Initiated, 
individual projects. astronomy, ‘ham radio,” 
stamp collecting. classical music, learning for 
egn fanginges or musical instrumenta 


4 Tendency to classical music, chess, 
bridge, and serious reading of clawics; do 
crossword purzles and acrostics 


5. Tendency to read “serious” magwines, 


eg. Harpers, Time, Scientific American, 
Saturday Review, 





6 A tendency to go to movies less than 
once a week, Tendency to go to the theater, 

7. Actiities joined in school more of dis- 
cussion type Language Society, Problems of 
Cıvıhzation, Science, Chemistry Club, school 
Paper, school magazine 

S. Approximately equal (to column 2) 
tendency to eam extra money in after- 
school work, but mainly in babi sitting 


9 Strong tendency to do social service 


work, eg, read to blind, collect for Red 
Cross, church activity, Civil Defense 


1. General involvement. jn. team sports ar 
well as individual sports. Most of the bow 
mentioned football, basketball, the girls 
mentioned tennis, dancing, etc. 

2 A major part of the time spent in sodal 
acuvities dancing, patties, theater, movies 
Rroup activities. A minor, although signifi 
cant, amount of time spent in homework. 


3. Relatively minor part of time spent in 
self initiated projects of sort described op: 
posite, Tendency to group activity. 


A. Tendency to popular music, danang 
magarine teading, popular novels. Levs tend 
eney to croumord and other types of portes 

5. Tendeney to read story type magannes 
eg, Reader's Digest, Saturday Evening Pos 


6 A tendency to go to movies more than 
once a week. Prefer mosies to theater. 

7. Clubs joined in school more of “doing” 
type: Glee Club, Orchestra, Intramurals 
shool paper, school magazine. 


i Di 
8 Approximately equal (to column 
tendency ta carn extra money ìn after school 
work, baby sitting, delivering newspapers 

9. A minority tend to be in Roy Scouts of 
Girl Scouts, church activity. 


eee C ħe 


Characteristic behavior of science-prone students 


In general ther. 
in science which seemed most obviou: 
as compared with the "norm" 
be said to be more quiet, 


€ was one personality characteristic of the “gifted student" 
5. The youngsters in the experimental 62 
of behavior at Forest Hills High School might 


d more reflective, more inward-looling; in short, they 
exhibited, generally, a te x 


ndency to introversion. Twenty boys and ten girls 


redisposing fact i : x de 
experimental 62), who edt Posing factors (previously described among 


mary Mental Abilities a 
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rere also at the 90th percentile and above in the Pri- 
nd Psychological Corporation tests, and who, in addi- 


Note. Tor other descriptions of the characteristics of gifted children in science, see: 
Measter, Morris, in The Gifted Child, ed. by Paul Witty, Boston: Heath, 1951. 
Subarsky, Zachariah, “What Is Science Talent?” Scientific Monthly, 66, 5, May 1918. 
Terman, Lewis M., et al, Genetic Studies of Genius, Stanford, Cal.: Stanford University Press, 


1925-47, 4 vols. 





Thirty able students with vocational 
est m. science (experimentals" 





ter- 


Thirty equally able age mates without science 
vocational interests ("controls") 





10. Tend to be consenatne in clothing. 
ahhough within norm, eg, most boys wear 
ues, rarely take on "fads" 


11. Vast majority buy books for personal 
libra. 


12 Tend not to smoke till senior year, or 
not at all. 


13. All plan to go to college 


14. Almost never get into difficulty with 
teachers or are disciplinary problems in 
school over school work May disagree with 
teachers over interpretation of subject matter. 


15. Almost all the parents had a post-high 
schoo! education More than half were grad 
vates of colleges" a high number of graduate 
schools (Ph.D , M D., Law, Engineering, Ac- 
counting). A high minority ın professions. 


16. A tendency for patents to own a sub- 
stantial library (500 books or more) A vast 
majority wich 200 books or more.* 


17. Vast majority of parents with ambitions 
for professional life for their children 


18, Average of children per family, 12. 


19 Twenty-four of the 30 were the first 
child, 16 were the only child. 


10. A goodly number (not over 50 per cent 
of the group, however) take on “fads,” of 
teen-agers, eg, plaid shirts, jeans, etc, 


11, Only a minority buy books for personal 
library. 


12. Tend to smoke early. 


13. Most plan to go to college; some plan 
to go into business, minority into professional 
hie. 


14. Almost never. get into difficult with 
teachers over school work or are disciplinary 
problems in school. May disagree with teach: 
ers over interpretation of subject matter. 





15. Almost all parents had a post-high 
school education, with a high majority in 
business Slightly more than one-fourth were 
graduates of colleges, a number in medicine 
and engineering. 

16. A minority with parents having a sub- 
stantial library; most with Jess than 200 
books. 


17. Vast majority of parents with ambitions 
for financial success for their children. 


18. Average of children per family, 2.4. 
19, Eleven of the $0 were the first child. 





® This seems as if it were an overestimation, but for the students we observed it was generally 


Arve. 





tion, had placed as one of the fifty finalists (8) or had won honorable mention 
(22) in the Westinghouse Science Talent Search, were compared with their age 
mates (a type of control) who were not committed to science vocationally 
although they were ver) successful in high school in other areas. These age 
mates were of similar socio-economic level, and although paired with the 
experimentals for genetic factors, were not so paired for predisposing factors. 
‘The purpose of this was to obtain a trend or tendency ** in behavior of these 
youngsters who had committed themselves to science. A comparison of be. 
haviors observed is shown in Table 9-2. 





44 Information ottained through interview. The word tendency derites an activity of 
amore than 50 per cent of the group. 
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From these observauons, a. picture, admittedly with hary outlines, mr 
be formed of these youngsters who may be our "scientists inembryo: x 
seems possible that the high rating in predisposing factors of the experimental 
62 is related to thei introversion {as indicated in the tabular description) 
MacCurdy s? study of the characteristics of superior science students (W oy 
inghouse Science Talent Search winners) extends over a greater area a e 
background of these youngsters than docs the description tabulated ben: 
Nevertheless, there is essential agreement on the major points made. Terman, 
Whose studies on the general nature of giftedness are classic, wrote (on the 
basis of a study of 800 gifted males now committed to the sciences, humanities, 
social sciences, and business, among other fields): 


At any rate, in our gifted group the physical scientists and engineers are at oe 
opposite pole from the businessmen and lawyers in abilities, in occupatio 
interests, and in social behavior. 





A curious observation bearing on item 19, Table 9-2, deserves comment 
Of the 59 students known to 


be doing scientific research $5 were the only 
children in the family, and 24 were first children. How significant is this? How 
general is it? 


As more investigations of the type A. Roe and L. Kubie?5 are doing on 
the adult level are duplicated on the high school level, we shall know more 
about the individual characteristics of these scientists-to-be. Hence, the ob- 
servations described here must be considered tentative, 

In Chapter 6, Winning the Concept, we hase described one way of work 
9f these youngsters. We found them to fit that notion of thinking, inventing, 
investigating which we called the “Eureka.” Or perhaps we should say observa 
tions of their method of work helped us attain the concept of the Eureka. 


A general base in curricular policy for the science prone 


A course in science is on 

history of biological science 

science of biology. Here th, 
w; they get s 


¢ in which students, having had a course in the 


(now known as biology), proceed to deal with the 
ey agonize over new relationships; they try to do 


mall problems, even trivial ones {although this isn’t 
vere Toui MacCurdy, “Characteristics ot Su That 
Were Found i Ther Background,” Edi Subenor Science Students and some Factors 
and Aona “Ate Saentists Different" Sci 39, Tan 1955, also, 
Scientists and. Nons ungemfe Amencan, 29, Jan 1955, I 
losi CUMS 1 Group of 300 Cija Men, Psychological Monographs, Vol. 





? OP at, p. 163. 
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necessary; they may even be good problems), but problems beyond the known, 
The text becomes a base of operations, a place to jump off into the future. 
Students do “research” and, in so doing, “wet their feet” in science. 

Certainly if Music Departments permit or urge their best students to be- 
come creative early (to create music), if Physical Education Departments permit 
their best to become prize athletes at the earliest opportunity, and if Art De- 
partments encourage their best to create as soon as they dare, Science Depart- 
ments and Mathematics Departments may permit their best students to create 
early; in short, to do science and do it before graduate school or the senior 
years in college or even the senior years in high school. 

Correlating with this acceleration is the acceptance by teachers of the idea 
that science and mathematics do not mean merely study and review of the past. 
More important in facing problems which must be solved by some aspect of 
originality is the acceptance of another idea: equal opportunity does not mean 
identical exposure but rather equal opportunity to develop to one’s fullest 
potential. Carried into practice this would mean making special opportunities 
available for all students, including the science prone, the gifted; carried into 
educational thinking it would mean simply applying the general principle of 
variability to the intellectual domain, as well as to the physical. 

In other words, stimulating the science prone by giving them the oppor- 
tunity to develop to their fullest does not mean giving them more course work, 
or intensifving the accumulation of information through lecture and text; it 
does not mean covering more material, but rather uncovering it through the 
best teaching procedure. The teacher should, in other words, "teach less so that 
the learner may learn more.” 

These two notions are basic: 

1. Science and mathematics do not mean merely a study of past science 
and mathematics, but an opportunity to invent, to imagine, to discover, to 
aspire, sometimes to succeed, but sometimes to fail in a worthy quest. 

2. Equal opportunity in education means the opportunity for each to 
develop his abilities to the fullest; it does not necessarily mean identical 
programing. 

Many groups are deeply concerned about providing more effective in- 
struction for the most able students. All too often these students have been 
caught in the “single” program aimed at the “average” student. Within such 
narrow confines they have become bored and sometimes bothersome. Perhaps 
worst of all, they develop poor work habits; for "getting by" (even getting 
high grades) is easy for them. 

Despite growing concern by governmental, scientific, and industrial tead- 
ers, some educators seem nersous and continually wonder whether special 
attention to the able is “democratic.” As we have outlined above, the basic 
concept of democratic education is equal opportunity, not identical exposure, 
for all. Gowan ** states: “A recent California study showed parents far more 





14 J. C, Govan and M. 5. Gowan, 1956 Addition to Annotated Bibliography of Educa- 
tion of Gifted Children, University of California at Los Angeles, 1957. 
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liberal in their attitudes toward education for the gifted than principals m 
supervisors in public schools.” Then it may be hoped that within the T 
decades more will be done for the abler students; the public will EQUUM i 
Equally important 1s the choice of teachers and procedures based om cler 
nce. 
STE choice of curricular method depends on many factors: the nature 
of the community, the philosophy, traditions, and preparation of the staff. 
the nature and destination of the student population and the faculty; the 
convictions of administrative and guidance workers. Throughout the coun 
try, curricular practices seem to be taking these directions. . 
The advanced course. This course may be identified as biology, physics 
or chemistry, but it goes beyond the high school curriculum (as evidenced in 
texts and syllabuses), into what is recognizably college work. Sometimes the 
course is a reptica of a college course in a nearby university which accepts 
most of the students of the high school. The students in these courses are 
selected on the base of IQ, (usually a lower base of 120-130) and previous 
achievement (they are in the first quartıle of their classes). In most high schools 
these courses are first available in the sophomore (tenth) grade; freshman 
courses (ninth grade) are not available except when the high schoo! includes 
the seventh, eighth, and ninth years. Sometimes these courses are called honor 


courses, and usually consist of the established courses plus more work. The 
“truly” advanced course consists of more advanced workat 


The special course. This course is organized for special work, Students 
who take the course have generally taken the established curriculum, or are 
taking this course concurrently with the established curriculum. Such a course 
might be Advanced Science; a course extending throughout the high school 
years, in which students work on their own "orginal" projects in the labora 
tory as embryonic scientists. Or a course in mathematical analysis or the 
calculus may be given. In any event, either students are carefully selected 
for such courses, or they select themselves because of their expressed vocational 
interest. Courses like these are usually found in large high schools where the 
population permits wider diversification of courses. 

The special group. In many schools, large or small, there are no special 
courses, but special groups; this procedi E 
small schools. "These groups meet when possible, and when a teacher is avail 
able, before, during, or after school, They are usually organized as clubs, but 


"muU auavhuret et al, 4 Survey of the Education of Gifted Children, U. of Chicago 
Marry Pasow et al, Ph 
cate Mo. enc nt den mid Youth, Bureau of Publications, Teachers 
mertan Aona id 
Bodom lm ation for Gifted Children, The 
School and College Study of Admusion wath Advan: is uh 
A ed Standing, College Admission wit 
dard Sande Bullet of Information, William H Comoe, Bedi Disecion, % 
Teast School, Philadel ph na, 1954, now at New Trier Twp High School, Illinois. 





Gifted Child, ed. by Paul Witty, Heath: 
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may be organized as classes. The number of students involved may range 
{rom one to several hundred. 

Whether they be called The Camera Club, Engineering Society, Chem- 
istry Squad, The Physicists, The Geometers, The Calculus Society, The Biol- 
ogy Club, The Math Club, or Junior Scientists, these groups or clubs are con- 
cerned with learning more about science and mathematics!? Four kinds of 
groups are discernible: 


1. The “hobby” group: Here boys and girls interested in radio or tropical 
fish or field trips or snakes or photography gather to explore and exploit 
mutual interests. Some of these youngsters may be science prone. 

2. The "scholars" group: Boys and girls are gathered here to extend an 
experience, to delve deeper into a field of study. The Calculus Society goes 
into the calculus; one sees a systematic attempt to learn more in an organ- 
ized way. These are courses, as it were, after school. In this way in several 
small and large schools we have seen intensive courses on the collegiate level 
in botany, zoology, chemistry, physics, calculus. 

3. The “seminar” group: Groups organized in this fashion are given 
over to hearing the latest advances in the area. Here especially scientists in 
the local university, college, or industries lend a hand to stimulate young 
scienusts-to-be or young mathematicians-to-be. Such a group is often called 
the Young Scientists, or the Science-Mathematics Seminar. This grouping is 
an attempt to enrich the science work, particularly in small schools. These 
groups generally sponsor a Science Fair where young people exhibit their 
project work. 

4. The “socational” group: While all the groups mentioned above usu- 
ally seek information about future work in science or mathematics, these are 
special groups (mainly concerned with vocational guidance) which are con- 
cerned at times with stimulating gifted children to enter science. These may 
meet irregularly, particularly to hear a scientist, an engineer, 2 mathemati- 
cian, a doctor, or some such person discuss the vocation in question. 


The “advanced school.” Even before the Advanced School Study of the 
Ford Foundation was instituted, a number of schools had developed what 
they called Honor Schools or Advanced Schools within the organization of 
the regular high school These Advanced Schools (schools within a school, 
with their own administrators) selected youngsters on the basis of high 1.Q., 
general high achievement in major courses (English, social studies, mathe- 
matics, and science: sometimes language) and aimed the course work at a 
higher level than that expected of the general schoo! population. 

Sometimes as part of the Advanced School Study these schools gave the 
equivalent of "college" work in the subject areas where there were qualified 





19G. I. Loomis, “Special Prosision for the Gifted.” in A Survey of Literati 
search Concerning the Education of the Gifted Child with Implications for Shed iari 
Curriculum Butleun No. 97, Eugene, Ore., School of Education, 1951, pp. 10-23. 
3 School and College Study of Admission with Advanced Standing. op. ait. 
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instructional staff and equipment. Students who qualified in the bun 
School Study examinations could be admitted to college with advanced stan 
ing in the special courses for which they qualified. : Me 

The speciai school. In large cities, particularly New York City, pel > 
high schools, such as the Bronx High School of Science, Stuyvesant p 
School, Brooklyn Techn:cal High School, and High School of Music s; 
Art, select students with high I Q.'s and "special" abilities for advanced yn 
For instance, the Bronx High School of Science selects youngsters viae 
1.Q.’s and high verbal and mathematical abilities and gives them an entiche 
four years in a regular high school curriculum intended for m 
college and, in addition, enriched and advanced courses in science and mathe 
matics.?* 

The independent school. There are also private secondary schools, often 
having high standards of selection. Many of these give advanced work in 
science and mathematics, For instance, in one such school we observed courses 
im organic chemistry and the calculus. F 

Some practices in small schools. Many schools are too small to organize 
special groups. In such schools, we have observed special efforts being made 
even for one gifted student: special tutoring in certain course work (whether 
standard or advanced), the practice of apprenticing the student to an inter- 
ested industrial or university scientist (either during the regular session of 
duríng the summer session), and, if nothing else, suggested readings and con- 
ferences. And in many cases these are extremely effective because usually the 


gifted student reacts catalytically to the personal interest shown and the guid 
ance offered. 


A general base in method for the science prone 


In essence, the teacher is the key to successful work with the gifted. A 


teacher who has high standards but is not coercive, who is firm but not domi 
nating, who is sympathetic and fnendly, whom the student will accept 
Surrogate parent, does much to nurture giftedness, Such a teacher may or 
may not be an "expert" in the area (as technical expertness is defined), but 


he must be an expert teacher and an expert at being human. He knows that 
teaching is a personal invention and he is constantly at work improving his 
invention. 


Such a teacher knows tl 


matics is taught, science an 


within the "course" or duri 


hat, while the history of science and of mathe- 
id mathematics are done, Whether they are done 
ing a separate time is not significant, Both types 





2t C. L. Loomis, op cit, 
2 Board of Educduon of ne iet 


E à k 
Cuy, Brooklyn Rada Aet the City of New York, Speciale High Schools in New Yor! 
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of organization have been observed in several schools. The basic postulate is 
that young scientists and mathematicians are developed best when they do 
science and mathematics, not when they are held fast in the bonds of the 
past. 

The stress, then, in teaching the “gifted” or “rapid learner,” as indeed it 
is in teaching the “slow learner” or for that matter any student, is on gifted 
teaching. What is the general base in method which the best kind of teaching 
stresses? 

The type of teaching of which we speak is based on the curricular prin- 
ciple we have stressed, it may be restated this way: All living things have cer- 
tain similarities; however, in developing youngsters to their fullest it is the 
differences which must be cherished. It is these differences which are respon- 
sible for the essential differences in creativeness. Hence, teaching to stimulate 
cteativeness, or originality, 15 teaching which honors differences, and which is 
differentiated in its method. Teachers who honor difference generally are in- 
volved in some or all of these activities. 

Knowledge of differences. Teachers who cared about individual difer- 
ences usually had a good idea of the kinds of children in their classes. They 
had examined the records of their students, including 1.Q., reading score, and 
mathematics score. Or they were using the recording devices, or something 
similar, to be found in Identefying Students with Special Needs. They had, 
therefore, an idea who was who: who was gifted, who was slower. 

Differentiated seating. Some teachers observed used the interesting device 
of differentiated (not segregated) seating. At the beginning they seated in 
Groups of four or eight, for ease in group or committee work, children of 
different intellectual potential; this gave different students the opportunity to 
exert leadership at different times; at various times the bright child had an 
opportunity to exert leadership. Also it strengthened his Knowledge of subject 
matter since at times he accepted the role of tutor, 

Differentiated assignments. One of the most common approaches was the 
differentiated assignment. Different problems varying from simple to most 
complex were offered as challenges; different and more complex science read- 

ings, “experiments,” and devices were suggested. Particularly was this practice 
used under the guise of “honor problems” in genetics, chemistry, physics, 
astronomy. The prize was a college text in science for the one who solved 
selected problems correctly, The nature of the prize was determined by stu- 
dents who also served as the prize committee. In addition, senior students 
developed the problems for junior students. 

Differentiated texts. In a good number of the classrooms observed, dil- 
ferent texts were used for the more rapid learners. In one case, the students 
received an additional, more advanced text when they finished the first, and 














JR; P. eltaan, and J hough, Mentifying Students with Special Nerd, 2nd ed, Voi 
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honor credit was given for evidence of finishing the second. In another E 
a college text was used. In still another case, the teacher used al 
maligned workbook as a guide for study: different students used d iiaa 
texts as references to serve them in doing the “exercises” suggested in the 
workbook, the rapid learners used college texts. f : 

Differentiated laboratory work. Naturally, the laboratory is the place 
where each student can work at his own speed, and the able can excced the 
work expected of others. This is also a place where he can originate. In a large 
number of classes observed, teachers who were interested in stimulating the 
gifted permitted them to go beyond the "required" exercise where a xem 
book was used, to attempt their own "experimentation" after the require 
work was done, or to undertale their own "experimentation" in place of 
the required work (provided a plan of such experimentation was submitted 
to the teacher for approval prior to the laboratory period). 

In mathematics, the practice was qi common to permit students 10 
prepare their own problems which were then posted for class evaluation and 
solution. In addition, "laboratory" periods were scheduled in which young- 


sters applied their mathematics to the solution of industrial and engineering 
problems. 








Differentiated tests. In one school, a somewhat unusual kind of test was 
used which permitted the greatest scope for all, but was especially useful in 
identifying and sustaining the rapid Iearner. (See Chapter 20, An Approach 
to Test Building and Interpretation, for an example of this test.) x 

Assume that the students in a chemistry course have finished a unit on 
atomic energy. The examination is made up of some two hundred short 
answer (multiple choice) items on six sheets; only the top sheet (50 items) 


15 concerned with atomic energy. Each correct answer brings the student two 
credits; total: 2X 50 = 100. 


‘When the students have fi 





hed all 50 items in the test on atomic energy» 
they may go on to the other items on the remaining fire pages. These items 


are concerned with content which cosers the entire term’s work and gocs 
beyond the term's work into special readings (magazines, college texts, library 
work). For each item chosen and answered correctly, the student gets one 
point credit; for each one chosen and. missed, two points lost (this last discour- 
ages guessing). The net result is that students can get total credits beyond 
one hundred, if they know more. A student who averages above one hun- 
red is entitled to very special recommendations to college and special priv 
leges, eg, use of the laboratory for individual work, 

. Apparently students favor tests of this kind which reward them for know- 
ing 


more than the required work. Such tests seem to be excellent predictors 
of success in college and in s 


pecial competitive science examinations (Westing 
house Science Talent Search, National Merit Scholarships, etc}. Although 
thus test form was devised for science classes, it could be tsed in any subject 
ie reward those who know more than was taken up in the course, or who 
learn it earlier than required, 
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A case study of an approach to teaching the science prone 


A standard or ready-made procedure for teaching the science prone would 
surely be useful. Yet classes and schools, teachers and pupils differ, and each 
combination is an opportunity for creation of a personal invention fitting 
the local conditions. If the student is science prone, his learning is easier; but 
his teaching is more exacting. 

We have heard teachers say that the bright or able child can get along on 
his own, and that class time should be centered primarily on the normal 
or slow students. This is grossly wrong. Able students are precious and rate, 
and of high potential value to their culture. They quickly form concepts— 
incorrect as well as correct ones. Through their teaching they must learn how 
to sift and test concepts so that they can hold the useful ones and discard the 
not-useful, 

Perhaps the most serious consequence of neglecting these children is to 
permit them to develop poor work habits and a “swelled head.” They must 
be held to high standards of expectation and performance and aided in 
developing the inner controls and responsibility that will bring their poten- 
tial ability into productive ability. 

What do you teach these children? How do you teach them? In groups? 
Individually? You may find clues in the following case study in teaching the 
science prone. 

For the science prone, materials are to be uncovered, not covered. For 
these able youngsters the teacher must reaffirm and practice his function as a 
guide to learning. 

More than any others, the boys and girls in this group have high educa- 
tional irritability; they are sensitive to the world and to learning. Once they 
notice something they want, they do all they can to get it. These four guides 
to learning-oung people must want something; they must notice something; 
they must do something; they must get something—constitute almost a single 
purposive pattern in the science prone. They want to grow; they are always 
on the qui vive, noticing things as they go; they do not hesitate to do, to work; 
and they get satisfaction in doing and learning, All these youngsters are going 
concerns (they are motivated, that is); all one has to do is to put enough inter- 
esting things before them and they notice, do, and get. With the science prone, 
more than with any other group, the curriculum can be said to exist within 


the child. These boys and girls are intellectually omnivorous; generally they 
are college oriented. 


The science-prone student in class 


We have discussed the characteristics of the science ptone and the nature 
of a science program which involses their energies. This may not tell our 
readers how they differ from others in class. Of course, some of them may not 
be the epitome of the Lind of student who is quietly competent, the delight of 
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honor credit was given for evidence of finishing the second. In a = 
a college text was used. In sull another case, the teacher eri Meri 
maligned workbook as a guide for study, different students aa Be 
texts as references to serve them in doing the “exercises” sugges! 
workbook; the rapid learners used college texts. g 
Differentiated laboretory work. Naturally, the laboratory is the He 
where each student can work at his oun speed, and the able can ereed s 
work expected of others This is also a place where he can originate. i n ra 
number of classes observed, teachers who were interested in stimulati! P 
gifted permitted them to go beyond the "required" recie where a bate 
book was used, to attempt their own “experimentation” after the Uo a 
work was done, or to undertake their own "experimentation in pi d 
the required work (provided a plan of such experimentation was submil 
to the teacher for approval prior to the laboratory period. — T 
In mathematics, the practice was quite common to permit stu en i 
prepare their own problems which were then posted for class evaluation an 
solution. In addition, "laboratory" periods were scheduled in which y A 
sters applied their mathematics to the solution of industrial and engineering 
roblems, ] 
^ Differentiated tests. In one school, a somewhat unusual kind of tet m 
used which permitted the greatest. scope for all, but was especially uselu us 
identifying and sustaining the rapid learner. (See Chapter 20, An Approx 


to Test Building and Interpretation, for an example of this test.) iban 
Assume that the students in a chemistry course have finished a uni! 
atomic energy. The examination is 


made up of some two hundred shot 


n s] 
answer (multiple-choice) items on six sheets; only the top sheet (50 items) 
15 concerned. with atomi 


s ; o 
ic energy. Each correct answer brings the student tW 
credits, total: 2x 50 — 100, 


When the students have finished all 50 items in the test on atomic energy, 
they may go on to the other items ‘on the remaining five pages. These items 
pe concerned with content which covers the entire term's work and gos 
beyond the term’s work into special readings (magazines, college texts, library 
work). For each item chosen and answered correctly, the student gets one 
eee eects for each one chosen and missed, two points lost (this last discour 
ges guessing). The net result is that students can get total credits bejon 
hey know more. A student who averages above one hun 
d to very special recommendations to college and special privé 
leges, €g, use of the laboratory for individual work. 
ing APBarently students favor tests of this kind which reward them for know 
olaan than the required work, Such tests seem to be excellent predictors 
of success in college and an special competitive science examinations (Westing 
house Science Talent Search, National Merit Scholarships, etc). Although 
this test form was devised for science classes, it could be used in any subject 
to reward those who know more than wae taken up in the course, or who 
learn it earlier than required. 
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of moments; he showed a great deal of mathematical ability in solving prob- 
lems dealing with the law of moments. It turned out that he was primarily 
interested in mathematics, and the mathematics in physics fascinated him. 
From then on his record was magnificent. Once his interest was kindled, he 
involved himself in nonmathematica!l areas; for instance, he entered the 
Science Fair and distinguished himself by winning a first prize. 


In short, these bovs and girls present a different dimension in class work; 
they not only go deeper but often have a special interest which gives them 
direction. This indicates that these boys and girls might with careful handling 
(ie, special opportunities as indicated in this chapter; sce also Section V, 
Tools for the Science Teacher) become specialists. To develop specialists, the 
scientists of the future, one might very well make special opportunities avail- 
able—even within the pattern and goals of general education. 

Furthermore, there 15 quite a difference, in our minds, between “bright” 
and “gifted” children, although usage has become somewhat loose. Let us 
define our terms: 


1, Both bright and gifted children have high genetic factors. 

2. Bright children do not necessarily have high predisposing factors; 
their goals may not be sufficiently determined, their attitudes not sufficiently 
focussed; they may be complacent, easily satisfied. 

3. Gifted children have 2 high predisposing factor in some area. 

4. If this area is science, they are science prone. 


Gifted students are very rare; they are the contributors-to-be. If they are 
science prone and truly gifted, they generally become great investigators. 
While classes composed wholly of gifted students cannot often be organized, 
classes of very bright children (including some of the science prone) can be 
organized and taught by the best methods available, the methods delineated in 
prior chapters. No doubt, because this is the folklore of modern education, 
teachers will ash: What of the course material? textbooks? syllabus? tests? basis 
for grades? 

‘These boys and girls can, and should, do more; this includes reading, as 
well as laboratory and field work. The science prone can use both a high 
school text and a college text: a high school text for first reading and security, 
then one or more college texts for an extension of the topics being studied. 
This is the basic reading material. They will also desire and seek added 
reference material: Scientific American, The American Scientist, Science, The 
Quarterly Review of Bsology, and many others. (See Section V, Tools for the 
Science Teacher: The Professional Library.) 

But in the main, teaching the science prone consists not in a fuller 
Course on the "college level," but in the use of our best knowledge about 
teaching. Each teacher will develop his own teaching invention, within the 
Framework of his school and community. Perhaps he will find the following 
case study helpful. 
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the teacher. Some of them may even be so-called “discipline poem S 
such cases, thes share with others all the problems of the oo i 
intellectual competence and actnities-the projects they do, the hob! ue e 
embrace, their alter school actions—have been described cartier in the chapter. 
In class they also differ in their behas or. 
Generally, they are very alert, they tend to be volunteers; in fata e 
teacher must be carcful to beep them from monopolizing the class d panion 
He does tlus by calling on auditors (those who listen passively) as i 
Volunteers (those who. participate. actisely). In. this way teachers A fea 
cover the matersal, they also uncorer it for auditors as well as the volun 
Science prone volunteers will not only answer but question as well. TA 
A comparason of their answers and questions with those of their d 
mates will indicate the range of their intelectual acti. ity. For instance: = 
Class situation A-general science. The class had been discussing D 
The class, generally, vas offering information which could be found in a 
textbook, One student, however, offcred information which he had gatha i 
from attendance at the mectings of the local chapter of an association s 
astronomers, Furthermore, he had made observations of meteor showers. i 
had been doing extra work even before the topic had becn brought up. (T! B 
Kind of activity indicates more than anything che the nature of the commit 
ment of the science-prone student.) -— 
Class situation B-biology. The class had been discussing enzyrnes. 
teacher had demonstrated gastric digestion (first day), and the class had done 
a laboratory exercise on salivary digestion (second day), Now the class ~ 
developing the concept of enzyme action. ‘The discussion had centered aroun 
“digestion.” One git! asked, “Don’t enzymes act on other functions, like ters 
tion? It seems to me I have heard about respiratory enzymes.” With a 
questioning by the teacher, the gir! admitted that her uncle was a doctor an 
she had been reading some of his books. She “knew” something of the functions 


9f the vitamin B complex in forming the y 
ticularly Warburg's 





Port. (Such youngsters not only do more, they read 
more and learn more.) 

Class situation C—chemistry, The class had been studying the postulated 
conversion of hydrogen into helium in the sun. To simplify matters, the 
teacher had accepted the idea, as expressed by the students, that the comer. 
sion consisted of the combination of hydrogen nuclei. One of the boys, usually 
quic offered the mformation that Bethe's notion involved the combination 
of the hydrogen nucleus with carbon, then isotopes of nitrogen and oxjgen 
Brie involved, and finally hetium was formed. 1 gave a tightly knit account 
of the process Apparently this was an area in which he had been interested: 
the rest of chemistry was not as exci 


ey commit themselves ) 


s. One boy, with a mediocre record (C) up to 


term), suddenly blossomed during the discussion 


_, Class situation D. physic 
this point (the middle of the 
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work. This work should not be considered extracurricular ("outside the cur- 
riculum") but an integral part of school work in any science training program. 

The students go on to a second year of science work. Among the many 
factors responsible for this continuing study, two are especially important: 
the sympathetic viewpoint of the administrative officers and the guidance 
department of the school toward the study of science, and the favored eco- 
nomic position, in general, of the student body. But also the wide variety of 
available science activities invites the extension of almost any interest. 

‘Toward the end of the second term in general science, students selected 
(on the basis of LQ. tests, reading scores, mathematics scores, junior high 
school grades, and our own observation in the first term of high school gen- 
eral science) are given the opportunity to enter a so-called Science-Math 
Honor Class or classes. Very few decline the offer. Out of 400 who entered 
together as a ninth-grade class, some 40 to 70 find themselves in this group. 
Those students whose course programing difficulties make it impossible for 
them to enter the honor classes are nevertheless given opportunities for simi- 
lar work. 

In the honor class these students enter upon three years of enriched 
science and three years of enriched mathematics for a total of four years each 
of both science and mathematics. Generally, students of the highest caliber 
are found in this class, among them are the students who are in the first 
quartile of their graduating class. Regularly, the first ten in over-all scholastic 
standing are to be found in these honor classes, 

Several purposes are served by having these students in such classes. They 
are given a different course of greater difficulty, of more advanced material. 
They are capable of attaining a high appreciation of scientific methods and 
their social implications. They are given work which stimulates them to 
develop high efficiency in the laboratory and field. More important than 
these, perhaps, is that considerable time is spent in personal guidance, so that 
the opportunities and advantages of entering fields of science are opened to 
them. 

Thus, while 70 to 75 per cent of the student body is taking science work 
cach term (many of the students not in honor classes also elect four years of 
science), approximately 200 to 210 students are in this special science pro- 
gram.” Are we justified in making this selection? (Note that the selection is 
not made on the basis of grades alone: we have permitted students with over- 
all scholastic averages ol 80 to 85°% to enter this classification and have given 
them the same training; the student with an intense hobby, such as radio or 
the collection of insects, is also selected, regardless of his grades.) Whether we 
are justified depends on the data we will gather from the future achievements 
of these students in collegiate and postcollegiate work. Every student is given 
the opportunity to show his ability and avait himself of special training, but 





34 Of course, ome students «ho enter the prozram drop out alonz the way; we have 
found, however, that mote enter the program Liter, so that there are always more students 
a thi program by the senior year than there were originally. 
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Let us follow an entering freshman class (ninth grade) of appro 
400 students at the I orest Hills High School.?* AII of these ninth grade stu pn 
tale x course in peneral science, Thus 15 designed to further une id 
of the common phenomena im their environment, the areas of life anc ie 
which science might help to solve, such as the use of natural Te ce 
of energy for doing the world’s work, the problem of getting along with o b 
men, and the conquest of disease. The first step in selecting and training 

Tospective scientist occurs here. P 

P The progress of students who show any signs of distinguishing ie 
selves in science is noted during the first few months of the course, Anena 
is given not only to the gifted students, but also to those who show an abil y 
to work with their hands, those who may have a “hobby” interest in science 
even iE their science grades are not particularly distinguished. These first 
distinctions are deliberately vague, for our purpose is to give each student the 


VASE | Eur d 
environment which will enable him to make the utmost use of his gilts an 
opportunities, 





At the end of the first term, those who have shown interest as well a 
ability to work in science are given an opportunity to work in the laboratories 
during their free periods before, during, and after school. Generally those 
who are interested ask for this opportunity. Others who have ability, as shown 
by their work in class, are invited to work; this is part of the self selection 


process through equal opportunity. Some of the activities they may choose 
include the following: 


1, Preparing teaching materials in chemistry, 
2. Assisting a science teacher in his field of 5 


3. Maintaining a large school museum of a 
preserved specimens, 


physics, or biology. 
pecial intercst. E 
wide variety of living and 


4. Maintaining a vivarium of forms particularly useful in biological 
work, Here students learn to maintain insects and mammals as well as cul 
tures of the common protozoa and algae, 


5. Engaging in science work in a variety of actis ities such as “The Science 


Journal” and the chemistry, physics, biology, or enginecring clubs. They may 
help make models in the Bio-Arts Club. The Museum Cur: tors, the Science 
Projects, the Cancer Committee, and the Laboratory Technicians Club offer 
other opportunities. This dub program was purposely made broad, in order 
to attract and hold those with diverse interests in science. 

During the second semester this Program of guidance continues. The re 
sult is that many good students enter into this so-called extracurricular science 








24 Since the time of ths example, the schools enroll: increased from 1200 to 
4000 Now the children enter m tbe tenth grade Close cooperta vale feeding schools 
frememary amd junior bigh schools) proste tke same information previously available 
through personal observation, i 

331f the ninth grade Pupils are jn à junior high school, thei tunities for wor 
Tune laboratones are less They might he guen the use of the high school laboratories. 
Even if this 18, not Eon ble, many of the suggestions sted here Dn readily be earned 

rough in a junior high school and, with encürapemeri io bome. 
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sight to watch young people tackle a scientific problem and, using their intel- 
ligence without any outside interference, emerge with a solution. 

Where do these young people get their projects? From many sources: 
consultation with teachers, with college and university scientists, with par- 
ents, with research men in industry. One other way we have found very use- 
ful. old and new editions of Brological Abstracts, Chemical Abstracts, and 
Physical Abstracts furnish many ídeas. When students write to the author of 
the particular abstract in which they are interested, they get many suggestions 
for small projects which they can do on the high school level? 

Where do these students get their special equipment? It is not surprising 
that a schoo] administration and a parents’ association will support 2 good 
teaching invention. Industry and universities will offer not only advice, but 
equipment as well. Many teachers throughout the country have found that 
enormous potenual aid exists in the community; all that is needed is a sensible 
request for a desirable purpose. At times the student, like the scientist, may 
also be obliged to invent equipment or to organize available materials in a 
novel manner. The history of science is full of instances where the invention 
of a new tool or a new procedure was the key to 2 major question, 

Where is the teacher in all this? Generally, a student asks a question 
because he is confused. To give him an answer would destroy his initiative 
and make him dependent upon others. Instead of answering, the teacher 
responds with a "loaded" question which puts him on the right track, provided 
he uses his brain and other resources, including the library. This requires 
teachers who know their science thoroughly and have created a rich library 
wnh which they are also familiar. They do not phe the student answers 
which he can discover for himself by painstaking effort. The teacher is also 
constantly aware of progress in the laboratory by looking over shoulders and 
by evaluating the monthly progress reports which the students submit. 

Clearly observable was the nature of the teacher who was “successful” 
with these young people. Dominating, authoritarian, or laissez-faire, unorgan- 
fred individuals did not seem to hold these youngsters (Chap. 4). The pat 
tern of the teacher generally successful was as pictured in out Mr. P, (p. 78). 

In this advanced science class, the mature scientist could see a picture 
of the scientistin-embryo. And this is especially tue of the research activity 
undertaken by these youngsters. In most cases, the student faces a problem 
he has never facet before. No solution is available in textbooks, and it may 
tale two or more years of work to reach even a tentative conclusion. For 

instance, do zygospores of Rhizopus nigricans germinate? Many textbooks as 
sume such germination. Several students found no such evidence on the basis 
of their investigation, and they had their conclusions supported by several 
authorities in the field. How long does digestion take in the food vacuoles af 
different protozoa? Why docs Chaos chaos appear to have only 2 regional dis 
tribution? What factars influence sporting in species of Coleus? What effect 











Tt Sce also Thowends of Scserce Projects, Sore Cluts of Amenca, Saence Service, 1719 
N Sreet, NAW, Washington, D.C. 1953. 
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le 
we have found that those who have average grades of 9075 or og iu 
to take the best advantage of the types of training described in the following 
list. 


The students sclected each term are given the opportunity to: 


iginal" ig vel. 
l. Engage in some "original" research. work on the high school le 


Each student is under the close guidance and observation of a teacher. (This 
work was mentioned in Chapters 1 and 8) 


2. Learn the expert use and o; 
types (analytical balance, microscoy 

3. Learn laborator: 
work with glass, etc.) 

4, Gain special skills in shop 
Trials (wood, metal, etc). 

5. Engage in librar 
and chemistry, 


perauion of laboratory equipment of all 
electric oven, autoclave, etc.)- it 
) techniques (histological, bacteriological, analytical 


i i i te 
pworl, including handling of common mat 





y research, including college teats in biology, physics 
and other pertinent materials, 
6. Take adequate training in mathematics. 

7. Prepare exhibits of th 
dents, at science fairs or local 


8. Prepare, in their senior year, written reports of their work for the 
school science journal or for other journals, d 

9. Engage in seminar activity at regular meetings of the school Science 
and Mathematics Honor Society. Students who have shown competence in 
science are eligible for election to the Society, Students who offer the best 
Teports of their work will in turn be insited to submit that work at a Biology 


Congress sponsored by the New York Association of Biology Teachers or to 
exhibit their projects at the Science Fair sponsored by the Federation of 
Science Teachers Association of New York, 


heir work for demonstration before other stu- 
exhibitions, 


10, Engage, as seniors, in the Annual Science Talent Search of the West- 
inghouse Educational Foundation, 


This is the training method for selecting science talented students 25 
opposed to the testing method. The observable behavior of these students at 
work, rather than the results of any battery of tests, is appraised. ‘This observa- 
nary stage of development, but it is described 
because it relates to the problem of staffing our science laboratories. From 
those who do not become research scientists vult come, perhaps, highly skilled, 
reliable technicians, 


year in this honor science math class (usually a biology 
course), the students wi i 


uled advanced science class. This is actual, 
However, it i i 


Projects at home; many work in the school 
laboratory before and after the regular school Schedules, It is a gratifying 
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course, there are those who cannot learn to work with others. None of these 
students are dropped from this special program until repeated attempts have 
failed to bring desirable changes; some youngsters are retained until the bit- 
ter end, especially when their basic qualities warrant it. 

By the beginning of the Iatter half of the senior year there remain per- 
haps ten boys and girls who have participated in most of the ten activities 
previously listed, In addition, these students are most skillful in grasping 
scientific concepts, projecting them, and using them to solve scientific prob- 
lems. We believe they have the ability to be scientists. 

Among these ten senior special science students are the three or four 
who, we believe, may be the research scientists of the future. These three or 
four are given further apprentice training in their senior year. They are 
placed in industrial, college, or research laboratories to assist scientists at 
work. For such opportunities we are grateful to the many individuals in 
college and industrial laboratories who have given generously of their time 
and energy. These students distinguish themselves by winning extensive 
honors in the various activities sponsored by different organizations. 

Forest Hills High School was instituted in 1941, From February 1945, 
when the first class which had been at the school for four years was gradu- 
ated, to June 1957, this program yielded 116 students considered to have 
promise as research scientists. (These include the 59 mentioned on p. 180.) 
However, approximately 800 other students have been given similar train- 
ing. While we feel that the 116 are of the caliber to make rescarch scientists, 
we believe that the 800 may also enter the scientific field and achieve a meas- 
ure of success. Although we do not predict the same hind of success for them 
as for the 116, we shall check our predictions against the actuality. For the 
present, it will suffice to say that these 116 have achieved distinctively high 
honors in high school and college, as have many of the 800. The data are 
still incomplete for a secure evaluation of results. 

Grades are easily assigned to students who elect the honors program and 
do the activities described here. Upon admission into such a course, each 
student is given a grade of 90%. Surely he could earn this in a “normal” course 
competing with his less able and less motivated classmates. Thereafter the 
excellence of his performance determines how much of the residual ten points 
he is credited with. Failures, which do occur for various reasons, are also 
easily handled; the youngster is moved back into the “normal” program 
which is less demanding. 

In a small school where special honors classes are impractical, records of 
additional accomplishments (projects developed, reading completed, mathe- 
matical skills developed) can be kept for future reference when colleges or 
industries inquire about the student. In such small schools we would expect 
the promising student, if handled effectively, to excel in the regular class 
work and attain the highest grades. In one small school, youngsters corre- 
sponded with scientists, in a large city nearby, who advised them on projects. 
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does the gas produced by Tribolium confusum have on other insects? Other 
work includes a study of the embryology of Physa, diapause in Cecropia and 
other insects, development im vitro of certain plant embryos, studies on a 
modified methad useful in the recovery of silver in photography, the structure 
of soils in the vicinity ol the school, studies of aberrant electrostatic effects, 
meteors, background radiation in the local area, inversion in Volvox, sporula- 
tion in lager yeast, the influence of sun spots on agriculture, a modified circuit 
breaker, and various other studies in biology, chemistry, physics, geology, and 
other fields. There 1s litle doubt in our minds as we observe these young 
people at work that they are using the methods employed by the professional 
scientist in his experiments. 

And as they work, they grow. They make the scientist’s methods of thought 
their own, at least in regard to the problem at hand. Encouragingly, the) {eel 
that these methods hold much promise for use in investigating social as well as 
natural phenomena. 

‘This early training and emphasis in the social responsibilities of scientists 
are of the utmost importance, These boys and girls are still plastic. Perhaps 
if we train our students in high school and even earlier to see themselves as 
citizens first and specialists later, we shall not have the situation which Dean 
Harry J. Carman of Columbia University (now retired) described in thee 
terms: “In public life we are ruled by scientific ignoramuses, and in the scien: 
tufic laboratory we have, for the most part, political and social illiterates.” The 
elimination of this state of affairs is one objective of our program of general 
and special education. 

At the end of the tenth grade we have, then, 40 to 60 youngsters who are 
ready and willing to embark on an extended period of work. Each day for the 
next two years, they have one period of science, one period of mathematics, 
and one period of laboratory work on a personal project, if they ish it. 
Those who do not work on projects in school (and some who do) generally 
work at home, In doing their personal project work these students must read 
source material, plan experiments, order materials, construct equipment-in 
short, over a period of two and a halt years, carry out in a small way the meth 
ods which serve the scientist. Their teachers are ready to advise them, but 
advice is forthcoming only when the problem presented is worthy of consid- 
eration by the sponsor and is not indicative of lazincss, poor thinking, of 
poor working method. In the case of the latter, the student is given whatever 
guidance is advisable and turned back to his work. 

During the following two year period (junior senior) many students drop 
out of the program. Some find that athletics and social events are more 
important to them than science; others are not fitted, through lack of even 
T np eit maval sal to carry on the work; still others lack originality. 
Meer hing in dneiy aia aee B responsibility are first guided by 
tenets tale ctu PED produce nges in attitude; if repeated at 

vised by the sponsor to scek other work. And, of 
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the National Science Teachers Association, 1201 16th St, N.W., Washington 6, 
D.C. 


9-3. Hase you read the Occupations Handbook of the U. S. Bureau of Labor 
Statistics? If you are already teaching, do you keep a card file of sources from 
which you can obtain materials about scientific careers? Have jou explored 
the wealth of materials flooding your Guidance Department? Do you work 
closely with your guidance officers to screen and utilize these materials? 


9-4, You may find it useful to start a card file listing governmental, collegi- 
ate, and industrial scientists who would help you and your students. One small 
school has a list of over 60 within their own town. If you are now teaching, 
would your PTA or the children help search out your local resource people 
and gain their cooperation? Would this stimulate greater public interest in 
jour science program and in the school? 


9.5. Have you examined closely the publications, books and periodicals, 
available in local school and town libraries? If you are now teaching, have 
you explored the possibilities that the PTA, local service clubs, or even the 
school system itself might finance many of the items you need for the use of 
the boys and girls? Are there scientists near you who would give the school 
their copies of journals useful with students? 


9-6, What steps would you take if you were to explore the possibilities of devel- 
oping special opportunities luke those described here? What persons and groups 
would you contact for advice and encouragement? On what problems of 
scheduling, pupil motivation, facility usage, equipment, and so on, would 
community support be helpful? On what aspects of the proposed activity 
would community support be critical? 


9-7, The bibliography following is intended to help you develop your own 
inventions in teaching the science prone. (Note the recency of the publication 
dates. Is this but a present trend soon to give way to another interest?) 


American Association for Gifted Children, The Gifted Child, ed. by Paul A. Witty, 
Boston: Heath, 1951. 

Baker, H. J., Introduction to Exceptional Children, N. Y.: Macmillan, 1953, pp. 28289; 
rev. 1955. 

Barbe, Walter B., "Differentiated Guidance for the Gifted,” Education, 74:306-11, Jan. 
1934. 

Bennett, P. L, “Reading and Writing Programs for the Talented Student,” English 
Journal, 44:335-39, Sept. 1955. 

Brandwein, Paul F., The Gifted Student as Future Sctentist, N. 
1955. 

——, "The Selection and Training of Future Scientists," Scientific Monthly, 51:247-52, 
1917. 

——, “The Selection and Training of Future Scientists, IL. Origin of Science Interests,” 
Science Education, 35:251.53, 1951. 





: Harcourt, Brace, 
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The teacher's responsibility 


Each science teacher must answer this question for himself: “What is m 
part in the sumulauon of students with. high ability in science? n 
found useful in one large high school has becn sketclied here. No dou as 
ter plans are being practiced and at would be exceedingly valuable if tl 
were thoroughly described. 

One thing is clear In school every year are certain students who va 
become competent scientists Whether they will or not depends in part on 5 1 
These students should be given an opportunity to develop their skills at d : 
earliest possible time. Where varied and attractive opportunities are avail- 
able, interested students will seek to fulfill themselves in science. t 

It is urgent that professional science look to its sources: a steady flow of 
the highest type of young men and women, and the facilities to train them 
And, most important, we need—desperately—the teachers who have the train 
ing and maturity to develop the future scientists of the United States. 

If, indeed, the boys and girls of this country arc the national cen 
upon which we must draw to solve the pressing problem of our shortage 0! 


scientists, then those who teach them remain the key to the solution of this 
problem, 








An excursion 


into developing your own invention 
in teaching the science prone 


9-1. A Problem: What is your opinion on the following pairs of statements? 


(2) 1. “In a heterogeneous group, the bright child discourages his class 
mates; often he misleads his teachers as to the 


capabilities of hi» clas 
mates," 


2. “In a heterogencous group, the bright child has the opportunity to 
lead," 


(©) 1. "Heterogencous grouping is democratic: in a democracy different 
groups live together cooperatively.” 


2. "Heterogencous grouping is undemocrati 
free to choose our own associates and we choose 
nomic and inteltectual group.” 


in a democracy we are 
those in our socio-eco- 


9-2. Have you seen: 


G) Encouraging Future Scientists: Keys to Careers (information on 
Careers, awards to "future scientists") 


(b) Encouraging Future Scientists: Materials and Services Available 
(where to go for help). 


Both of these are published by the Future Scientists of America Foundation, 
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Teacher; The Very Superior Pupil: Tentative Plan, Long Beach, Cal, 1955, 1954, 
and 1952. 

Los Angeles County Schools, The More Capable Learner in the Secondary School, 
Secondary Curriculum Monograph M-72 of the Office of the County Superin- 
tendent of Schools, Los Angeles, 1951. 

MacLean, Malcolm, “Should the Gifted Be Segregated?" Educational Leadership, 
413 215-20, Jan 1956. 

Maezel, M., “What to Do About the Child Prodigy,” Etude, 68:12-18, 60-61, Aug. 1950. 
Mallinson, George Greisen, and Harold Van Dragt, “Stability of High School Students: 
Interests in Science and in Mathematics,” School Review, 52:362 67, Sept. 1952. 
Martens, E. H., Curriculum Adjustments for Gifted Children, U. S. Office of Education 

Bulletin No. 1, Washington, D. C., 1916. 

Martinson, R. A, et al., Study of the Gifted Child, Sacramento, Cal.: Congress of 
Parents and Teachers, 1952. 

National Society for the Study of Education, Forty-Ninth Yearbook, Part 2, Education 
of Exceptional Children, Chicago: U. of Chicago Press, 1950. 

New York State Department of Education, Bright Kids: We Need Them, Albany, 1955. 

Nevland, T. Ernest, “The Gifted,” Review of Educational Research, 23:(17-31, Dec. 
1953. 

Oliver, A. L, "Administrative Problems in Educating the Gifted," Nation's Schools, 
48:4446, Nov. 1951. 

Palo Alto Public Schools, Meeting Individual Differences. The Gifted Child: A Hand- 
book for Teachers and Administrators, Palo Alto, Cal., 1955. 

Passow, A. H., Miriam Goldberg, Abraham Tannenbaum, Wall French, Planning for 
Talented Youth: Consideration for Public Schools, Horace Mann-Lincoln Institute 
ot School Experimentation, N. Y.: Bureau of Publications, Teachers College, 
Columbia University, 1955. 

Philadelphia Suburban School Study Council, Guiding Your Gifted: Handbook for 
Teachers, Admintstrators and Parents, Philadelphia; Educational Service Bureau, 
School of Education, U. of Pennsylvania, 1954. 

Pressey, S L, “Curricular Enrichment for the Gifted,” Educational Leadership, 13: 
232.85, Jan, 1956. 

Rex, Buck R., “The Gifted Child in the Heterogeneous Class,” Exceptional Children, 
19:11 , Dec. 1952. 

Roberts, H. E, Current Trends an the Education of the Gifted, Sacramento: California 
State Department of Education, Division of Guidance, 1954. 

San Diego County Schools, Suggested Enrichment Actruities for the Gifted Child, San 
Diego: Office of Superintendent of San Diego County Schools, 1951. 

Scheifele, Marion, The Gifted Child tn the Regular Classroom, -: Bureau of Pub- 
lications, Teachers College, Columbia University, 1953. 

School and College Study of Admission with Advanced Standing, College Admission 
with Advanced Standing: Bulletin of Information, Philadelphia: William H. 
Cornog. Executive Director, c/o Central High School, 1934, now at New Trier 
Twp. High School, Illinois. 

Shepperd, A. G., “Teaching the Gifted in the Regular Classroom,” Educational Leader- 
ship, 13:2290 24, Jan. 1956. 

Stalnater, John M. “Scholarship Aid: Import and Sources.” in Current Inues In 
Higher Education, 1936, ed. by G. Kerry Smith, Proceedings of the Eleventh 
Annual Conference on Higher Education, Washington, D. C.: Awociation far 
Higher Education of the National Fducation Aeociation, 1956 

Strang. Ruth, “Gifted Children Need Help in Reading.” Heading Teacher, 6 23 77, 
1953. 
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Brandwein, Paul F , "The Selection and Training of Future Scientists, III. Hypotheses 
on the Nature of 'Science Talent, " Science Education, 36:1, Feb. 1952. I 

Braun, L, Some Enuchment Techniques for the Above Average Student, Denver: 
Unnersity of Denver Workshop, 1952. 

Califorma Elementary School Administrators Association, Twenty Sixth Yearbook 
The Gifted Child im the Elementary School, Sacramento: State Departmı 
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INVENTIONS IN 
SCIENCE COURSES 


Section Three 


In this section on scope and sequence we shall examine the science curricu- 
lum. Our effort 15 to present various examples of what high school science 
teachers mean by chemistry or biology or physics. Separate chapters will 
present the "structure and approach" for each science course in various schools 
and for various students, In this way we hope to provide not only useful 
descriptions of the courses, but also insight into the total science curriculum. 

By defimtion, a curriculum consists of all the activities, both intent and 
content, within the school which fit the purposes or objectives of the school. 

It consists not only of courses of study, arcas of scholarship, but also of 
activities 1n class and outside of class (field trips, assembly programs, special 
projects, etc.). Yet when teachers speak of revising the curriculum, they speak 
mainly of the individual courses of study. Rarely do they mean all the activities 
which serve the school's purposes. 

This entire section of mine chapters is, in a sense, a single chapter. It is 
concerned with the total science curriculum, with all the courses of study 
and all the activities. Chapter 10 sets out some general comments, questions, 
and viewpoints, The following six chapters develop each subject area, Chapter 
17 deals with the unit within the course, and Chapter 18 is the continuation 
and conclusion (the “Excursion,” as 1t were) of Chapter 10. 


Chapter 10 INTRODUCTION TO COURSE BUILDING 

Chapter 11 SCIENCE IN THE CLEMENTARY SCHOOL 

Chapter 12 TIE COURSE IN BIOLOGY 

Chapter 13 THE COURSE IN CHEMISTRY 

Chapter 14 THE COURSE IN PHYSICS 

Chapter 15 THE COURSE IN CENERAL SCIENCE 

Chapter 16 TIHE COURSE IN PHYSICAL SCIENCE 

Chapter 17 TNE UNIT IN THE COURSE 

Chapter 18 BUILDING TIIE SCIENCE COURSE AND CURRICULUM, CONTINUED 


At the end of this study in scope and sequence, the science teacher should 
hase a starting point and direction for his efforts to develop or modify his 
own curriculum and courses. This can be done despite the diversity of schools 
and students because the major questions that must be asked are the same 
everywhere, Only the answers are tailored to local conditions. 
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widely accepted by educators. In 1900 this was not so, nor was it so in 1920. 
This is clearly a recent trend. An example of such a continuous curriculum 
plan, in New York City, is presented in Table 10-3. Similar plans may be 
obtained from most of the agencies concerned with curriculum development 
1n the major cities of the country. 

Whether or not we approve of the particular plan diagramed js not the 
point It is an example of a major development in science education through- 
out the country, the creation of a continuous science program from the kinder- 
garten through the twelfth grade. What effect will such a program in science 
have on the thinking of people in the next two or three generations? On their 
skill? Knowledge? Attitudes? 

Continuity of experience in science means more than just a sequence of 
subjects; st also means a sequence of larger concepts or problems in many 
areas within a curricular organízation that serves the purposes of the school. 
Note (Table 10-2) how the Forestry Service of the U, S. Department of Agri- 
culture, in collaboration with teachers who specialize in this area, conceived of 
the introduction of problems and concepts dealing with conservation. Note, 
also, how their development of the problems and concepts of conservation is 
related throughout the grades. Only a condensed version is given here; the 
complete statement may be obtained from the Forestry Service. 

Concern for and the design of a twelve-jear science program does not 
imply that all students will be enrolled in the program every year, Table 10-t 
indicates the percentage of pupils in the last four years of public secondary 
schools who have been enrolled in high school science courses. 

While the figures in Table 10-1 are as accurate as we could wish, they pre- 
sent a misleading picture, for two main reasons: 

First, the percentage of young people of the appropriate age who do en- 
roll in high school has increased tremendously over this span. Between 1900 


TABLE 10-1 Percentage of pupils enrolled in public high schools 
who were enrolled in science courses * 








Year General Science Biology Chemistry Physics 
mm - - 10.1 228 
1909 - - 27 190 
191b - E 69 n5 
1915 - 69 74 n2 
1922 183 85 74 89 
1923 175 136 71 68 
1951 178 146 76 65 
1919 208 184 75 54 
1956 218 205 75 44 


*henneth F. Miown, Offerings and Lnroliments in Science and Mathematics in Public High 
Schools, U S. Department ol Education Pamphlet No. 120, U. S Covermment Printing Ol- 
fie, Washington, D. C., 1957. * 

t Biennial Suney of Education im the United States 1948 $0, U. $. Government. l'rintíng 
Otice, Washington, D. C. 1931, Chapter 3, p 107. 
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CHAPTER 10 


Inventions in science courses: 


introduction to course building 


after 
A note at the beginning: This is an introductory chapter to be d 5 
@ study of this entire section. The reason for Pa com 
We cannot profitably consider the development ole 
plete science program until we have examined the aice by 
of teachers, those who put courses of study into pra pt 
using them to help children learn, and in Juro 
In Section I we examined some aspects of the aA this 
enterprise: what scientists do and why, and wi sidered 
means to teachers of science. In Section II we ada 
patterns of science classes and of science teachers. Aen 
as we have emphasized, planning is the key to Sog at 
teaching. Now we turn to the basis for over-all plan e 
science teaching—the science curriculum. What A don 
done throughout the country? How is this different iun 
what was formerly being done? How has the im "E 
failed to change even though many have stressed. the is 
for major changes? In the curriculum we bring toge! 


Ls H rerent 
the several threads: science, learnıng, children of diff 
attributes, and teaching. 


Trends in development of the science curriculum 
t 
While no one can speat authoritatively for curriculum dexclopmer 
throughout the United States, several general lines, or trends, in the de 
opment of the science curriculum seem evident during the past fifty years. 


Trend 1. Continuity in science experience 


There is clearly a tendency to develop a curriculum from the elementary 
school through the high school. A continuous science experience is being 
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——M——————————————————————————————D 


SENIOR HIGH SCHOOL 


Understanding, Controlling, and. Improving Group Relationships, and 
Trends in Modern Society 


Improvement of living conditions through adaptation of forest products 
for construction, insulation, and beautification. 


The relation of forests to housing: prefabrication of wooden houses. 


Stabilization of emplosment in forest work and forest industries by 
Proper management (conservation) of the forests. 


Changes in forest labor conditions. Best use of land, 


Greater uülization of forest. products, not substitution, means greater 
Teste for conseration | he problem of the people on submarginal 
lands best fitted for forest production. 


Developing and uuhuing our forest and range resources for the greatest 
good to the greatest number Cooperation between federal government, 
states, and private forest landowners in forest protection, tree planting, 
forest management and forestry extension Wise use of the natural 
resources for national security and prosperity. Forests sn our natiouat 
defense program. 


‘The place of research and planning m regard to conservation of natural 
rewurces, Reforesting devastated forest ateat and submarginal farm 
lands, Prevention of wasteful exploitation. 


‘The interdependence of natural resources, importance of forests in con- 
servauon of soil, water, and wildbfe. Saentulic use of forest resources 
in harmony with the balance of nature Protection and use of watt 
theds Irrigation, hydroelectric power, and navigability of streams main- 
tained by forested and well-grassed watersheds. Forest lughwass, pur- 
Jones and values. Forest and range conservation as a land use policy. 
Lempering winds and cold by establishing shelter belts, relieving strain 
of monotonous Landscape. 





The maintenance of. national and state forests as scenic areas. 


‘The maintenance of primerat ateas in forests without human ine or 
interference, except to protect from fire, to enjoy, and to traverse only 
by foot or horseback oF canoe. Forests as hing memorials, 


Why the state and federal governments provide forest recreation, 
Recreation and emplovment. How manarement of forets is adapted 
to recreational needs, Recreation at a land we. Rectration to achieve 
more balanced living. 





Making a home 


Earning a living 








Performing the 
responsibilities 
of citizenship 


Conserving and 
improving material 
conditions 


Expressing spirit- 
ual, aesthetic, and 
emotional impulses 


Engaging in 
recreation 


— 
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TABLE 10-2. Integrating forestry in the modern curriculum * 


————————————— 


Making a home 


Earnmg a living 


Performing the 
responsibiltees 
of citizenship 


Conserving and 
improving material 
Conditions 


Expressing spi 
ual, aesthetic, and 
‘emotional impulses 





Engaging in 
recreation 


* Adapted from Su 


Senice, U S D 
Materials to He 
ture, 1952. 


epartment of Agriculture, 
lp Teach Forest Conservar 


ELEMENTARY SCHOOL 

Influence upon Life en the 
Home, School, and Com 
munity 


Things in the home from 
the forest. Home hfe in for. 
est lands, Efect of abun- 
dance or scarcity of forests 
upon houses Improung 
home ground through tree 
planting and care 


How the pilgrims, Indians 
and pioneers used the forest 
and wesern range lands 
What the woodsman does. 
How forest industries gne 
work to many men, rural 
and urban, What the 
farmer uses and sells from 
his woodlot. 


Our manners in the woods 
Preventing forest fires Pro- 
tecung our forests from in- 
sects and diseases. How the 
forest ranger protects the 
forest. How planting new 
forests helps the commu- 
muy. 


Canng for and. protecting 
plants aod wildife about 
the home and in the com- 
manity. Improving home 
environment with trees. 
Forest homes and commu 
nities endangered by forest 
fires. "Tree planting stops 
erosion 


Use of trees and shrubs in 
beautifying home and schoot 
grounds, “Telling others 
how forests serve us. The 
lessons we learn from the 
forests. 


hinds of forest recreation 
appealing to children, 


Joxtor HIGH scHooL 4 
Adaptation of the Indwidusl io his 
Physical and Social Environment 


Importance of forests to housing in this 
ang other countries Comparison of uses 
of forest products in colonial and mod 
ern homes. The varied uses of different 
woods, 


Making more efficient usc of forest prod 
ucts, elimination of waste. How different 
parts of our country and other countries 
use their forests, How forests affect trans 
portation, communication, trade, indus 
try, and agriculture How forests deter 
mine where certain industries develop 
‘The importance and uses of the standing 
forest. 


Some great leaders who have helped es 
tabhstt forest consen ation. polit. The 
agencies of government that manage ou 
forests and range lands. How forests at 
in the development of other natural re 
sources. The duty of the citizen tonal 
forest conservation. 


How forest fires start and are controlled 
Destructive practices in the use of foreso 
and ranges, Technical advances m lum, 
bering. Research in forest use an ae 
appliciuon to mdustry and commune 
stabibty. What may be done to improse 
forest and range use How reforestation 
and other forest improvement en Ui 
carried out, Importance of soil to pla! 
growth and to clean waters. 


Architectural uses of wood. Methods Ld 
finishing mood to bring out sts beann, 
Preserving and creating beauty mM 
forest environment. fnspiration 

and enjoyment of the natural beauty 
forests. 


le 
Making forest recreation arcas availaP 
to more people in all parts of the €: 
try. Establishing community forests Th 
development of the sylvan forests 
Healhfolness and adventure of for 
Yecreation. Advantages of forest camps 
for young people. 


‘gxestions for Integrating Forestry in the. Modern. Curriculum, Fores? 
. Fev. August 1982. Also ash for publication h 2) 
ion, Forestry Senice, U. S. Department of Agricul 
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—A————— — M —— — ——— 


SENIOR HIGH SCHOOL 





Academic Vocational 
Regents General Special and advanced 

Biology t General Biological techniques Basic science 
biology 

Earth science t General Qualitative analysis Related science 
earth 
science 

Chemistry t Applied Advanced chemistry Vocational-trade 
chemistry 

Physics ¢ Applied Advanced physics Vocational—technical 
physics 


4 Offered in tenth grade 
$ Offered in eleventh and twelfth grades 





d. The enrollment in elementary algebra (1,204,500) is equal to 64.5 per cent 
of the number of pupils in the ninth grade. 

€. The enrollment in geometry (664,100) is equal to 37.4 per cent of the 
number of pupils in the tenth grade. 


The data above are based on a study of a 10 per cent sample of public secondary 
day schools. 


Nation-wide over 1,300,000 pupils, approximately 72 per cent of all 
ninth graders, are enrolled in general science. Is this course, often a required 
one, meeting the needs of the children? For many children general science, 
with perhaps biology, are the final courses in science. Are these courses help- 
ing them become adequately prepared to meet their personal, community, 
and national problems involving science? 

Why are 72.6 per cent of all tenth-grade students enrolled in biology? 
Why is the enrollment in chemistry only 31.9 per cent? And that in physics 
only 23.5 per cent? Is it because biology meets the needs of more young peo- 
ple? Is it required? Is it easier? Is it better taught? Or are there other reasons? 

Questions such as these will be considered in the following chapters. 


To the reader: You may wish to turn now to p. 217, near the end of this chapter, 
where we describe briefly a continuous curriculum, from elementary through 
high school, with special emphasis on different programs for students of differ- 
ent abilities and (apparent) destinations. 


Trend 2. Diversification 


Even a cursory examination of the curriculum plan in Table 10-1 shows 
that attempts are being made to meet the needs and interests of various kinds 
of young people. Clearly the differences in age leve] are being considered. 


INTRODUCTION TO COURSE BUILDING 207 


TABLE 10-3 Science in elementary and secondary schools * 


Fururvrany SCHOOL 


Plants end ammels how they ine. how they 
Telp man, how thev help each other 

Weather uts mamifestauons sts efecis on 
man how man protects bimscli from it 

Conimunteation by sound, by telegraph by 
hight bs radio hy television 

Transportation on land on water an the air 

Electricity how ut works for us how n is 
distributed 

The earth and ats materials its resources its 
changng surface 

The arth im space the objects in the shy, the 
solar stem the unnerse 


Juxton HIGH scHoot 


Grade 7 You and your place in the norlé 
getting acquainted with yourself, getting 
acquainted with your world, 

Grade 8 How science helps jou meet your 
baste needs: increasing and improving tour 
food supply, improving your housing and 
clothing; making work easier- 

Grade 9 A better world through science our. 
atonuc world; prolonging your life; improve 
ing communication; speedier transporta 
tion, new worlds to conquer. 





* Hom. Curricilums ond. Materials, Vol 10, No 1, Board of Education, New York Cir. 


Sept 1955, 


————————————————— 


and 1930 alone, this percentage increased from 8% to 61971 Thus even where 
the percentage of high school students enrolled in a particular course has 
decreased, the percentage of the total high-school-age population taking that 
same course has obviously increased considerably. In short, more of our young 
People are taking science courses than ever before. 

‘The second reason is indicated clearly by Brown: * 


Instead of using all the pupils in the Last four years of high schoo! as a base for 
computation, perhaps it would be easier to understand if the base were the 
number of pupils in the grade in which the subject 1s usually taken. For example, 
the number of pupits enrolled in physics in the fall of 1954 was 46 per cent of 
all the pupils in high school. Also it was equal to 28.5 per cent of the number of 
pupils in the twelfth grade, It is true that all the pupils enrolled in physics were 
not from the twelfth grade, Some were from the eleventh grade. Also some of the 
twelfth grade pupils in 1954 took. physics the previous year. However, it is reason 
able to assume that 23.5 per cent is approximately the percentage of high school 
graduates m 1954 who hase had physics. 

Using the grade level enrollment at which the subject is usually taken as the 


base, the percentages of pupils enrolled in certain science courses in the fall of 
1951 ate gnen below. 





a. The enrollment in bio! 1,293,900) is cent of the 
number of pupils in the ci rade DR CES EDIE 


b. The enrollment in chemistry (4 
number of pupils in the eleventh grade, 


© The enrollment in physics (302,800) i wr 
of pupil in the twellth grido. ‘ yea Pen m 


82,700) is equal to 51.9 per cent of the 


Similar data on enrolfments in high school mathematics in the fall of 1954 are: 


1 Kenneth E Brown, 


usana + “Nauonal Enrollment in High School Science.” The Science Teacher, 
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science is used to differentiate it does indeed look to the development of 
experts. Hence there is a trend toward developing science programs for all, 
within the framework known as general education—for the expert in science 
and the non-expert. 


Trend 5. Correlation of subject areas 


Even when science was taught within a narrow boundary, scientific infor- 
mation and experience necessarily spilled over into other areas. After all, it is 
one world, no matter how we choose our viewpoint. For instance, conservation 
and the history of science are discussed in social studies courses, atomic energy 
in economics, water supply in civics, problems of volume and flotation in 
mathematics. 

Similarly, other areas necessarily spill over into science. Certainly graphs 
and equations as well as arithmetic are continually involved in science. Lan- 
guage arts are critical in science, for scientists think and communicate clearly 
and students must also. Social studies enter whenever any scientific topic is 
followed into the social world of technology, economics, and social judgments 
as a basis for action, 

Where a problem of wide implications is introduced, it is very often han- 
dled in many areas at once. Note, for instance, the example of the treatment of 
floods shown in Table 10-5. 

Of course, modern elementary schools, which are not departmentalized, 
and some high schools have been correlating their science experiences in “core 
programs” (see Chapter 11, Science in the Elementary School). Science in the 
core program will be discussed further in Chapter 17. 





Trend 6. Increase in laboratory work 





Larly in the development of science teaching in this country, not only was 
laboratory work consistently a part of the planning of high school teachers, but 
it was inconceivable that a high school could be built without a laboratory. 
Also, the double laboratory period was a frequent practice. 

Now we seem to note these trends. First, laboratory work, that is, work done 
by students as compared with demonstration work by the teacher, is an in- 
tegral part of science teaching. In fact, laboratories are now built in junior 
high schools, and laboratory corners are beginning to be found in the elemen- 
tary schools, 

However, up to the time of Yne erth satellite the amount of time given 
over to laboratory work as compared with demonstration work seemed to be 
decreasing. We noted, for instance, fewer and fewer double lab periods, and 
more and more demonstration work suggested in published curriculums. We 
noted a tendency to build fewer laboratories in the new schools, although some 
laboratories arc included in all schools. ‘The satellite highlighted our needs in 
science and this trend of decreasing lab time seems to be on the reverse. 
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Note the type of material proposed for the elementary grades and compare it 
with that for the junior high and senior high school grades. 

Differences in aptitude are also being considered. Applied chemistry is 
less difficult than the Regents or college-preparatory chemistry course; for it 
involves less mathematics, less detailed knowledge, and less use of formulas 
and equations. 


Trend 3. A change in the purposes of instruction 


There was a time when courses in high school were given over to "pre 
paredness for college " In some schools this objective still exists, but not in its 
utter purity, it s being modified and the science taught in these courses is being 
made significant and operational in the lives of young people as they develop. 
toward adulthood, The memorization of information is not the sole purpose 
of instruction, concept forming through problem solving is gaining increasing 
importance. 

The distincuon perhaps is made clearer by an example from the course 
of study in Science for Secondary Schools published by the State of Pennsyl 
vania (Table 104). The committee which developed the bulletin purposely 
chose a topic which is standard, prosaic, and information-centered, to show 
how even a topic of this type might be given meaning. The content of this 
example 1s not especially important; the intent is. A study of the chart at the 
end will indicate the reasons behind the unit outline, The chart indicates one 


reason for teaching science. Science can be used to meet the imperative needs 
of youth. 


Trend 4. Individualization of instruction 


There is an attempt within any class activity to involve as many individuals 
as possible, to allow all interests to display themselves. Note the sample teach 
ing plan in Table 10-4. Extracurricular activities are within the purview of 
this trend; so are special classes; so are projects and reports. The gifted, the 
able, the middle of-the road, the less able are also in the picture. 

Clearly it is evident that science in the public secondary school is emerging 
asa part of general education (see Trend 9). This does not mean that science is 
not being used to attract individuals who will later make it their life work 
(see Chapter 9, The Science Prone). Indeed, we should never infer that a con- 
tent area in generat education is not meant to appeal to those who will special- 
ize; the word “general” should not, and is not meant to, have the connotation 
of exclusion, : 

General education is meant to connote education for all, It looks first to 
the education of the individual as a human being living in our present and 
future society. Hence generat education is meant to integrate as well as differ 
entiate. Where science is used to integrate, it 1s meant for all young people; for 
they will need to solve those problems in which science plays a part, and they 
will need to co operate with experts (doctors, engineers, scientists, etc.). Where 
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‘THE ov 


THE MEW 





Activities 


Culminating 
activities 


Evaluation 


Put week's assigament on 
board. 

Make large diagram of 
fish on board. 

Present the topic and 
label che diagram. 

Show some pictures of 
fish. 

Read and discuss texts 
with dass dai as 
preparauon for home 
assignments. 

Conduct class recitations 
on home assignments. 


None. 


Give, mark, return rests. 

Reteach facts not known. 

Give another test to those 
who failed. 


Group planning for individual and committee 

activities and reports to accomplish. following: 

Provide for research as many books on fish as 
can be obtained. 

Secure and display around room colored pictures 
of &sh (motivatton). 

Secure large biological model of fish 

Arrange for demonstration dissection of either 
raw or cooked fish. 

Contact Home Economics Department and ar- 
range for fish Luncheon (teach etiquette). 

Inseshgate possibihty of trip to an aquarium 
or hatchery (teach techniques of planning; 
teach proper conduct in public vehicles). 

Sccure paper, paints, crayons, and arrange for 
art teacher as consultant for art work 

Investigate possibility of Saturday hike where 
fishing can be done (good human relations, 
leisure time activities, planning, responsibility), 

Arrange with local sports store for demonstration 
of fishing tackle, bait, flies, etc. (teach. good 
sportsmanship, leisure-time activities). 

Consider possibility of having someone teach in 
terested group to male artificial flies (letter of 
mutation and thanks) 

Get clay, soap, tools for carving and modeling 
(permit some of this while research reading is 
being done). 

Suggest and assist pupils to secure, furnish, care 
for an aquarmm (teach principles of balance 
1n life; good actiuty for nonreaders). 

Find a tropical fish enthusiast and arrange for 
tall on and display of them (teach reproduc. 
tion). 

Stimulate interest of brighter pupils in making 
scientifc investigation, developing booklets, 
developing reference lists, hunting up classifi. 
cation, accumulating clipping Giles, sending for 
free and inexpensive materials. 

Don't forget keeping of records of all kinds bp 
everyone. 


Committee reports, displays, and individual 
records. 





Arrange for tests o£ facts learned. 

Have group discussion of strengths and weak- 
nesses of planning committee work, committee 
leaders, behavior on trips, learning experiences, 
development of interests, skills, abilities. 

What dnil and formal instruction are needed? 
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Whether this is clearly a trend will need to be established in future ob- 
servations. We would be optimistic, however, to assert that there are major 
constructive trends in the use of laboratory work in science courses. As we 
shall see later, the significance of laboratory work has varied greatly within 
the past fifty years. The present status of laboratory work appears to be far 
from what it could be, and {on the basis of our description of science as con- 
cept seeking) what it should be. 

Laboratory space and equipment is very expensive, costing about twice as 
much as the same space fitted as 2 regular classroom. Scheduling laboratory 
time, especially the double period, is an administrative headache. For many 
students laboratory courses seem to have “extra work,” both within school 
time and in the preparation of reports at home. Yet direct firsthand contact 
with selected phenomena is the essence of science. Often, unfortunately, these 
selected phenomena are not the result of an orientation toward science as a 
dynamic intellectual enterprise, nor toward science as relevant to the lives of 
the children we have in school, An examination of workbooks supports this 
conclusion. 

However, many inquiries confirm our common observation that children 
enjoy laboratory work, even in the routine form followed by most schools. 
The outstanding success of science fairs, involving extra work on the student's 
own time, clearly shows that pupils want to work in the laboratory. They want 
to do something, especially when it has meaning for them. The place of the 
laboratory in our science programs is established, yet the special place the 
laboratory should play in instruction deserves careful appraisal. 














Trend 7. Increase in the use of mathematics 


Those teachers who have done any kind of research in science know that 
very few aspects of scientific research can be done without reliance on mathe- 
matics. Mathematics is a language of science, aside from being a “pure” science 
in itself. Yet they know how difficult it is to introduce quantification into 
science teaching; the use of numbers and mathematics presents difficulty to 
many students. 

"There js, however, a noticeable trend to introduce mathematics to quan- 
tify phenomena—if only for the science prone. For example, terms such as 
“light-year” and “half-life” are beginning to appear in general science even 
though for the non-sophisticated in mathematics these concepts are difficult. 
Even the calculus is increasingly found in advanced physics courses. 

What is the effective place of mathematics in secondary school science? 
Over the past half-century there has perhaps been a trend to lessen somewhat 
the mathematical aspects of science courses. This has occurred mainly because 
certain groups of students were found to be unable to utilize geometric and, 
especially, symbolic algebraic descriptions. In some instances, probably too 
much mathematics has been removed from courses for the more capable stu- 
dents. Or, where science shy and science prone are taught together, the science 


INTRODUCTION TO COURSE BUILDING 213 


TABLE 10-5 Relating the flood problem to the curriculum * 


This chort shows how a study of the food problem caa enrich oll subject matter areos in both 
elementary and high schools in addition, such o study provides young people on opportunity 
to porticipote in the search far sofutions fo one ct Connecticut's most acute problems, 





LANGUAGE ARTS Oral and w sten Inglish in stories on flood experiences; evaluations 
English, of field trips and reports on special topics. ) 
Reading, Letars asking for utformaton and inviting and thanking guot 
Spelling, speakers 

, 





ing Reading of newspaper accounts of the flood and doing research on 
local history 


Use in research of a variety of references. 


SOCIAL sTUDILS duu of topogiaphy, rivers, valleys, mountains Jakes, sorts, eit 7 
Geography, Map work in relition to paths of hurricanes and place of origin, stude 
Economics, of wind movements 

History Map of Canton and of Connecticut to show Hood damaged areas and 


Jer stems 

Studving husiory of Canton to determine reason for bulding on mtr: 
Inviting a speaker on Canton's early history 

Discussion of need to relocate business and homes because of food. 

Study of impact of flood on the town's economy; visits to, and speakers 
from, locat industries 


Study of water pollution and effects on health. " 

Study problem of restoring plant life in brooks before fish am 
replaced. 

Stud) of forestation as a means of checking flood danger. 

Study of rocks, soils, erosion, water and their relation to floods. 


Study of danger to health during a flood, need for health rules, noct 
lations, ete. 


Reading, writing, and working with targe numbers found in news 
Paper articles dealing with flood damage. 

Figuniog amount of rainfall per capita which fell during the flood 

Computing number of tons of water, also gallons and quarts, whit 
fell in four counties during the flood. 


Measuring for accurate ruling of charts and bulletin board arrange 
ments. 


SCIENCE AND HEALTH 
Biology, 

Botany, 

Geology, 
Meteorology 


AUTHMETIC 


errensnte 


Leaning to sole problems related to study of the flood through 
democratic procedures; learning to accept responsibility. 
Learning the duties of atizens during times of disaster. 


learning about agencies which. gne disaster relief. town, state, and 
federal, 


Studying duties of v. 

Discussing 
realuing 
future 


ations departments in town government. 
how our town can be rebuilt mo a better place to lté; 
the importance of town planning in rebuilding for a better 


Drawing charts to show cames and effects of the flood, agenaes in- 
volved in relief, 

Arranging picture displays of flooded areas. 

Sketching pictures of flood scenes, 

Making maps of Canton and Connecticut. 

Arranging bulletin boards. 

Making of Scrapbook of the flood. 


ton (Conn) Schools by Mrs Dorothy Cowles, Consultant 
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As we have indicated, considering all individuals necessarily includes the 
future specialist in science or in anything else. 

For convenience, man’s accumulated concepts and skills are usually 
grouped in major areas related to the types of problems he encounters in his 
social, personal, and physical environment. For this reason, general education 
is often approached through three major avenues: the social studies, the 
humanities, and the sciences. Although this is a convenient separation, it is 
an artificial one; for in each of us the three areas are in continual interplay. 

Robinson Crusoe may serve as an example. Initially he faced the task of 
maintaining himself in a new physical environment. Somehow he did not 
consider seriously the possibilities of suicide. Aside from the "drive" of any 
living thing to maintain its own life, this decision was based on a code of 
behavior or ethics grounded in the humanities, the internal basis for his re- 
action to the world. He was able to delight in a spectacular sunset and enjoy 
the brightly colored birds even though they did not fill his belly or keep him 
from harm, Initially his reaction to his environment was based on strong 
humanistic ideals. Yet he also had to survive and there his science allowed 
him to use the environment for his own purposes. When Friday appeared, the 
socia! studies, the interaction of man with man, entered the story. 

As we look at these three major areas, we ask what they can provide, 
individually or collectively, toward meeting the general objectives. How can 
science, mathematics, the social studies, the language arts, music, and art 
serve the objectives of general education? 

After this is answered, at least temporarily, we ask, what can I, the teacher, 
contribute through this course to the general development of these students? 
"The answer, within the larger framework, gives purpose and direction to the 
specific activities of the class. 

A course or curriculum designed on this basis is part of an over-all pro- 
gram of great significance and continuity, As we shall see, this larger approach, 
necessarily student-centered, is oriented toward the development of adults 
better able to meet the complex and unforeseeable problems of the future. 

Conflict with the “classical” organization of each subject is inevitable. 
Especially is this the case with instruction in science, for each of the sciences 
has a formal, academic structure which has commonly been the basis of instruc- 
tion. Yet the colleges themselves have been very active in restructuring their 
course programs to provide general education. Perhaps then the classical struc- 

ture is not the only one possible. 

Ta the science classrooms af secondary schools reorientation af instruction 
has come slowly despite the counsel of educational leaders for several decades 
and the reformulation of courses within a few schools.? For clearer evidence 








2A major effort to interpret general education in science within the secondary school 
was the volume by the Progresave Education Association, Science in General Education, 
D. Appleton-Century, N. ¥., 1938. This was published just as World War I was breaking out 
and a strong "practical" orientation appeared in the schools. Apparently the approach recom- 
mended and described was too “radical” for science teachers under these circumstances, 
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As we have indicated, considering all individuals necessarily includes the 
future specialist in science or in anything else. 

For convenience, man’s accumulated concepts and skills are usually 
grouped in major areas related to the types of problems he encounters in his 
social, personal, and physical environment. For this reason, general education 
is often approached through three major avenues: the social studies, the 
humanities, and the sciences. Although this is 2 convenient separation, it is 
an artificial one; for in each of us the three areas are in continual interplay. 

Robinson Crusoe may serve as an example. Initially he faced the task of 
maintaining himself in a new physical environment. Somehow he did not 
consider seriously the possibilities of suicide. Aside from the "drive" of any 
living thing to maintain its own life, this decision was based on a code of 
behavior or ethics grounded in the humanities, the internal basis for his re 
action to the world. He was able to delight in a spectacular sunset and enjoy 
the brightly colored birds even though they did not fill his belly or keep him 
from harm, Initially his reaction to his environment was based on strong 
humanistic ideals. Yet he also had to survive and there his science allowed 
him to use the environment for his own purposes. When Friday appeared, the 
social studies, the interaction of man with man, entered the story. 

As we look at these three major areas, we ask what they can provide, 
individually or collectively, toward meeting the general objectives. How can 
science, mathematics, the social studies, the language arts, music, and art 
serve the objectives of general education? 

After this is answered, at least temporarily, we ash, what can I, the teacher, 
contribute through this course to the general development of these students? 
The answer, within the larger framework, gives purpose and direction to the 
specific activities of the class. 

A course or curriculum designed on this basis is part of an over-all pro- 
gram of great significance and continuity. As we shall see, this larger approach, 
necessarily student-centered, is oriented toward the development of adults 
better able to meet the complex and unforeseeable problems of the future. 

Conflict with the “classical” organization of each subject is inevitable, 
Especially is this the case with instruction in science, for each of the sciences 
has a formal, academic structure which has commonly been the basis of instruc- 
tion. Yet the colleges themselves have been very active in restructuring their 
course programs to provide general education. Perhaps then the classical struc- 
ture is not the only one possible. 

In the science classrooms of secondary schools reorientation of instruction 
has come slowly despite the counsel of educational leaders for several decades 
and the reformulation of courses within a few schools? For clearer evidence 








2A major effort to interpret general education in science within the secondary school 
was the volume by the Progressive Education Association, Science in General Education, 
D. Appleton-Century, N. Y., 1938. This was published just as World War IT was breaking out 
and a strong “practical” orientation appeared in the schools. Apparently the approach recom- 
mended and described was too “radical” for science teachers under these circumstances. 
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tional upper«liision study must be in new "general education" courses or in 
certain regular courses designated as fulfilling the requirement for a second 
year of generalized stud) in each area. 

Such a pattern does not add to the normal number of courses taken for 
“distribution,” but substitutes broader courses for those previously available, 
This is one indication of the ways in which the colleges have recognised their 
responsibilities for common, or general, education as well as for specialization, 

When the colleges became decply concerned about their educational pro- 
grams for aii their students, many of them reacted quickly. Much the same line 
of argument for basically altered instruction in the secondary schoo! has been 
available for years, but little has happened. In the following chapters we shall 
examine the factors which have delayed this reorientation in science in sec- 
ondary school classes. 

Apparently, general courses are considered important in college. Yet those 
institutions enrol! only about one-sixth of the age group. A much larger frac 
tion of all the future adults go to high school. Therefore, if general courses are 
valuable in college, would not similar courses, with appropriate changes in 
instructional material, be even more desirable in high school? A close look at 
the basic ideas underlying the science curriculum in secondary school may 
suggest that the courses offered there—biology, physics, chemistry—are unwisely 
phased in the educational pattern, 


A continuous, multi-track curriculum 


We hear often of the superiority of the European or the Russian plan for 
producing scholars, scientists, and engineers. Yet in many of our school systems 
students with many and varied gifts are given opportunities to learn, do, and 
become as much as they can. That these opportunities are not forced on our 
students is an inevitable concomitant of a democratic philosophy. But just as 
inevitable is our obligation to provide them, and even make them as attractive 
as possible, 

Where special provisions are not already available for those students who 
can run fastest intellectually, they must be devised. Perhaps the pattern pre- 
sented here (already in practice in one modification or another in a number 
of school systems) will be useful as an example. It is one way of making pro- 
vision for all types of students, with all types of destinations, 

The following descriptions of the tracks refer to the diagram on page 218. 

Trark 3, Al boys and girls who are educable (meaning boys and girls with 
sufficient capacity to remain responsible in their social acts) go through high 
school. Track la indicates provision for the lowest LQ. ranges (special pro- 
grams to fit these students for civic responsibility). 

This general program would include all areas now taught in our schaols— 

English, social studies, science, mathematics, language, physical education, art, 
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of what general education in the sciences means in practice, we must turn to 
e experience pM 
5 Ei at the University of Chicago, Colgate University, and E 
University of Minnesota, serious attention was given 19 the existing pum d 
collegiate instruction This had consisted of a “major” field of study plis semie 
other courses, often six, in other fields required for “distributior ut 
courses available for "distribution" in the sciences were the imos 
courses for those who might become “mayors.” Especially within the highly 
structured sciences, this made lile sense. Of what value was Biology Iv 
Chemistry 1 or Physics I—cach adraittedly an introduction to further mer 
to a future poet, a future legislator, a future housewife, a future industri 
or labor leader? Each course was filled with technical details for the future 
specialist, while the large ideas which give meaning and significance to sane 
were given little emphasis. One learned much about the results of science, 
little about how these were attained or established. 

Thoughtful searching by the college faculties focused within each of m 
three general areas (social studies, humanities, and science) on certain genera 
or grand concepts, which would allow the future nonspecialist to Appreons 
and comprehend what the specialists were doing. An additional advantage a 
this plan was that it ensured that every student would consider major topics 
and problems in various fields; previously many graduates of the same institu 
tion had shared no experiences with their classmates. c 

After World War II ended in 1945 many colleges re-examíned their pro 
grams of instruction and introduced “general courses,” with completely ne 
content and new instructional procedures. In the sciences at first the "survey 
course seemed to be an answer, But this was soon recognized as a “once over 
lightly" approach in which the major concepts were lost among even more 
details than the “major” course offered. 

Intensive study of selected materials offered a better opportunity to get 
out the ideas without overwhelming the student with details. Such courses 
have been termed “block and gap" courses; they are basically what had long 
been in the educational literature as "major units" having a unified idea or 
theme. Case histories Were used as one of several means of organizing blocks 
of study and focusing upon the active Part of science rather than only upon 
the results of this activity. E 

During the initiative and intensely creative phase of this reorganization, 
about 1945 to 1952, a new Journal, The Journal of General Education, was 
founded. Also a considerable number of books spelling out various points of 
view and describing college courses were published. A list of these analyses is 
Erven at the end of the chapter, in case you wish to read further in this subject. 

Generally each student is expected to take at least one full-year course in 
each of the three major areas: humanities, social studies, and science. In some 
colleges the required sequence extends for two years In other schools, addi- 
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imohing all areas—astronomy, biology, chemistry, physics, geology, meteor- 
ology —through selected concepts appropriate to the junior high school boy and 
girl. The importance of not giving the special sciences here is that 12, 13, and 
H year olds should be given an opportunity to look into all branches of science, 
each and every year, to determine their interest and ability. Mathematics should 
be used throughout these sciences. 

The best teachers belong in these years; for generally students tend to 
bend clearly, in the junior high school years, toward a specific career selection. 

In the ninth through the tenth grades in this track, a definite selection 
begins, in which both students and teachers have a hand. First, in the junior 
high school years, students hase begun to find out whether science is for them. 
Second, because in the future we may place very good teachers in the junior 
high schools, excellent teaching has made science extremely interesting, excit- 
ing, and enucing. Third, testing (by standard tests) has helped to identify 
those with ability and special interest. 

In the large high schools, we now can homogeneously group students who 
have similar interests and destinations (i.e., science-bound, art-bound). In the 
small high school, small classes, even of three or five, may be necessary. 

All students in the college-bound group (Tracks 2 and 3) may take (for five 
class hours per week) 4 years of Enghsh, 4 years of social studies, 4 years of 
science, 4 years of mathematics, and 4 years of a foreign language, based on the 
work begun in elementary and junior high school. In addition, all students 
take 4 years of physical education and 4 years of a combined music and art 
curriculum (i.e., two or three periods per week each of art and music). 

However, for those who have already shown a decided preference in music, 
art, science, mathematics, history, or another subject, a third track is made 
available. 

Track 3. In thís track, students work at being scientists, artists, musicians, 
mathematicians, or writers. They take a project (perhaps cosponsored by a uni- 
versity) in some phase of science, mathematics, the arts, or humanities. In sci- 
ence and mathematics, this is actual research on a small problem (see Chaps. 3 
and 9). 

This Lind of program is already being accomplished in most schools for 
athletics, art, and music. It now needs to be done for other areas. 


A study of the science curriculum 


In view of these several trends would it be sound to begin a study of the 
science curriculum with 2 statement of the principles underlying curriculum 
building in science? This is precisely what we do not intend to do. First we 
shall analyze various science courses: science in the elementary school, biology, 
chemistry, physics, and last, because they are derived from the other courses, 
general science and physical science. Then we shall be concerned with the 
development of the “unit” within the course. Finally, at the end of the section, 


INTRODUCTION TO COURSE BURDING 219 





= 2 
i 
8 
32 
c9 
$c 
"9 
= lio 
m 
3 ELECTED DESTINATION 
$$ 
£648 
?& track 1: non-coltege 
uu track 2- college 
6 trock 3 special skills, talents, 
testing ond end opportunities (ort, j 
music, science, mathematics, 
5 observation writing, language, etc. 
> 
$3]^ 
£8 
25 
s?a 
ri 
2 
1 





musi¢, and so on. Science would be generally nonmathematical in nature, 
although it would require the simplest algebra and geometry (i e., mathematics 
of proportions) for the solutions of problems 

Track 2. This track 1s for boys and girls who show the intellectual quati- 
‘thes necessary for success in college. It involves roughly 30 to 40 per cent of 
our student body. 

In the fifth grade and sixth grade, observations and testing are ta be done 
to determine the special gifts of these boys and girls. At the same time, special 
opportunities (eg, enrichment in language, literature, science, arithmetic, 
history, art, and music) are to be made available to them. In the fifth and sixth 
grades, these young people are not to be segregated into homogeneous groups. 

In the seventh, eighth, and ninth grades, they are to be homogeneously 
grouped, Naturally, since the students have different career destinations (some 
in science, some in social studies, some in literature), this grouping is homo- 
geneous only for college destination based on student ability and parental 
consent. 

In the seventh and eighth grades, an enriched program in general science 
and mathematics might ‘be oftered. “The scence woiild be à general science 

4 
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we shall in a sense complete this first chapter in a chapterength "Excursion" 
into building and revising the science curriculum. 


A bibliographical excursion 
into science in general education 


Extensive listings of articles and volumes will be found in: 


McGrath, Earl J, “A Bibliography on General Education," Educational Record, 21, 
96 318, 1940 {10 1940). . 

Lyons, W N, "A Further Bibliography in General Education,” Journal of General 
Education, 4, 72 80, 1919 (1910 to 1949). ] ` 

Layton, E. N., “General Education Bibliography.” US, Office of Education Bulletin 
‘No. 8, Washington, D C- U. $ Government Printing Office, 1953 (1949 to 1953), 


Numerous articles are also cited in: 


Blackmer, Alan R., General Education in School and College, Cambridge: Harvard 
U, Press, 1952. 

Bogue, J. P., The Community College, N. Y : McGraw Hull, 1950. 

Chicago University Staff, The Idea and Practice of General Fducation, Chicago: U. of 
Chicago Press, 1950 

Cohen, I. B, and F. C. Watson, eds, General Education in Science, Cambridge: Har- 
vard U Press, 1952. 

Current Trends in. Higher Education, Waslungton, D. C. National Education Asso- 
ciation, annual issue. 

Eckert, Ruth, The Outcomes of General Education, Minneapolis: U of Minnesota 
Press, 1937 

Harvard Committee, General Education in a Free Sonety, Cambridge: Hansard U. 
Press, 1945. 

Johnson, B. Lamar, General Education in Action, Washington, D C* American Coun- 
«i on Education, 1952. 

McConnell, T. R., General Education, Part 1 of Fifty First Yearbook, National Society 
for the Study of Education, ed. by Nelson B Henry, Chicago: U. of Chicago Press, 
1952. 


McGrath, Earl J, Science :n General Education, Dubuque, Iowa: W, C. Brown Co, 
1948. 


Minnesota Commission on Higher Education, Higher Education in Minnesota, Minne- 
apolis, U of Minnesota Press, 1950, 

Minnesota Commission of. Educational Research, The Effective General College Cur- 
riculum as Revealed by Examinations, Minneapolis: U. of Minnesota Press, 1937. 

Pace, C. R., They Went to College, Minneapolis: U. of Minnesota Press, 1941. 

Pierson, G. V, “The Etective System and Difficulties of College Planning, 1870 1940 
(Yale)," Journal of General Education, 4, 165, 1919 50. 


Spafford, Knol, Burlding a Curriculum for General Education, Minneapolis U. of 
Minnesota Press, 1943. 


Stauffer, Robert C, ed,, Serence end Civilization, Madison’ U. of Wisconsin Pres. 
1949 

Suckler, W, H., General Education: A University Program in Action, Dubuque, lowa: 
W. C. Brown Co , 1950. 

‘Taylor, Harofd, ed, Essays in Teaching, N. Y.: Harper, 1950 

Valentine, P. F, ed, The American College, N. Y. Philosophical Library, 1919. 

Wiliams, C. T, These IVe Teach, Minneapolis. U. ot Minnesota Press, 1915. 
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CHAPTER 11 | 


Inventions in science courses: 


Science in the elementary school 


A note at the beginning: Every student in high school science classes attended 
elementary school The science experiences which these 
students had in elementary school varied from school to 
school and from student to student. Yet, generally speaking, 
whatever experiences each had will affect his approach to 
the study of science in high school. The student entering 
high school is even less a “clean slate” than when he entered 
elementary school. 

In recent years children have had more and richer ex- 
periences in science in the elementary school. In planning 
what science to teach in the high school, we must recognize 
that many children have already studied and learned well 
certain things that previously were taught for the first time 
in general science or even in biology, chemistry, and physics 
classes. 

What science do children study in the elementary 
schools today? This chapter will summarize a few of the 
important trends and characteristics of science teaching in 
the elementary school, as well as some of the characteristics 
of children as they learn science. 

A series of visits to elementary school classrooms by 
high school science teachers is an excellent way to become 
familiar with the amount and Lind of science teaching in 
the elementary school. Ideally, visits should be made in the 
primary, intermediate, and upper grades, preferably in the 
state or school system where the high school science teacher 
teaches or plans to teach. 

To supplement his classroom sisits, the high school 
science teacher should examine sample science guides, 
science textbooks, and courses of study in common use in 
the elementary schools. He should also talk with children, 
teachers, principals, and supervisors to get their interpre- 
tations of what and how science is being taught, 
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Emphasis on science in the elementary school 


Such inquiries into the kind and amount of science taught in the ele- 
mentary school will show a wide range In some classrooms children have little 
forma] experience with science. In others, their science 1s related to a number 
of “symbols” such as aquariums, science corners, collections of plant or animal 
Life, ot care of pets. In still other classrooms, opportunities for science investi- 
gation and inquiry are sporadic. They occur from time to trme when un- 
anticipated events lead to questioning and study. Further, m other classes, a 
definite unit of study or program plan ss systematically followed, giving regu- 
larity and continunty to the children’s science learning This plan may be 
suggested by a textbook, by a resource guide adopted by the school system, 
or by a plan developed by the teacher and the children around a series of 
centers of interest which they have selected for study. 

Even though elementary schools generally have a commitment to teach 
science, individual schools and classes vary mm the amount of time they 
devote to science. In some classrooms science is taught for 15 to 30 minutes 
every day, in others for 30 to 45 minutes twice a week. Often the methods 
used by teachers determine the amount of ume spent in science. In the typical 
classroom which operates largely under the guidance of one teacher, children 
may have opportunities to work individually or in small groups on science 
investigations, There the time “devoted to science” cannot be measured 
strictly in terms of the amount of time the entre class engages in a common 
science activity. 

Regardless of the current status of science teaching in any elementary 
school, almost without exception all persons concerned with improving the 
elementary school program—principals, supervisors, teachers, students—are 
looking for ways of ensuring that children have a rich experience in science. 


Tn keeping with this emphasis, nearly every state department of education 
has issued one or more bulletins on the teaching of elementary science. Many 


counties and cities have likewise developed suggested courses of study ín 
elementary science. 


Purposes of the science program in the elementary school 


"Those who plan the educational experiences of children intend that school 
should prepare children in certain skills and. knowledge required for success- 
ful living. Among these skills are learning to read, write, handle numbers, 
and speak correctly. In addition children learn to plan, to think critically, to 
evaluate their progress. As group members they have certain common inter- 


ests and needs, and require experience in working together toward common 
ends. 


1 Science Courses of Study, National Science Teachers A: i 
Washington 6, D. C, 16 pp., 1955 ssociation, 1201 16th Street, N.W. 
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Children learn these skills as they gain in knowledge in many areas: 
geography of their home, community, state, nation, and world; history of their 
city, state, nation, and world; care of the body and maintenance of health; 
and appreciation of literature, art, and music. And certainly not least of all, 
they acquire intellectual skills as they study the natural world around them, 
that is, as they study science. 

At the same time they need to attain increasing knowledge of the complex 
world with people of differing opinions and aspirations; a world in which 
technology differs from country to country from the most primitive to the 
most advanced; a world made smaller because of advances in communication 
and transportation; a world more complex because more people are brought 
oftener into contact. 

Thus the elementary schools have a great task. And in good elementary 
schools teachers, administrators, supervisors, parents, pupils, and others think 
together about these various responsibilities. 

It is within this framework that the reasons for teaching science in the 
elementary school must be considered, 


General education in science 


In a sense the purposes for teaching science in the elementary school are 
the same as those for teaching science in the high school. Yet the way ele- 
mentary school teachers think about these purposes is tempered by their 
knowledge of children and how children learn. A statement of the purposes 
made by a group of elementary teachers is usually quite a simple list. One 
group stated these purposes this way: 


To satisfy the curiosity of children. 

To help children answer their questions. 

To help children find out how things work in our natural world. 

To learn which things should be believed and which are superstitions. 

To help children learn how to get accurate information and to think 
clearly in solving their problems, 

To help children with their interests and hobbies. 


What more challenging purposes could one seek? Though these may 
seem unsophisticated, even a casual analysis of the statements reveals that in 
them is implied the most sophisticated interpretation of why we teach science. 
{More refined statements of our purposes for teaching elementary science are 
available in the numerous books on the teaching of science in the viementary 
school, and throughout state, city, and county guides on elementary science.) 

To say, for example, that our purpose is “to satisfy the curiosity of chil- 
dren” or “to help children answer their questions” or “to find out how things 
in our world work” recognizes that children are investigators, that they seek 
ta form concepts, They ask questions. Among the questions are many that 
relate to interpreting the natural world. Why is it dark when the sun goes 
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down? What color are crows’ eyes? How does a dry cell work? How does a 
bee make honey? Children probe into every aspect of their environment ina 
conunuous attempt to describe and understand the relationships between 
things around them, gaining considerable knowledge and shill. 

‘They use all their senses Thev touch, they taste, they listen. They smell 
things, they feel them. 1n every wav known to them children seek to discover 
for themselves knowledge of the world which, ın most instances, has been 
learned by other children, and by mankind, before them. From birth they 
have been seeking and forming concepts. 

In the elementary school direction and guidance are given to children in 
their search for knowledge about the world around them. And in this process 
children are helped to think clearly, to employ various means for acquiring 
information and, with increasing maturity, to learn how to answer questions 
and solve problems of importance to them. 

To know “which things should be believed and which are superstitions” 
requires first a knowledge of the interrelationships between forces and events 
in the natural world. Children in the elementary school are helped to observe 
the consequences of various common things which are brought into relation- 
ship with each other. For example, a pan of water placed over a gas fire will 
get hot. If the fire is intense enough, the water will boil A pan of water on a 
fireless burner usually does not boil. Only out of ignorance would someone 
insist otherwise, These are statements of generalizations derived from re- 
peated observations and retested many times by many people. In the elemen- 
tary school children observe through many experiences that certain natural 
phenomena do occur and can be predicted with considerable accuracy, It is 
hoped that, in this way, children will develop the habit of examining many 
generalizations which can be easily tested, and that they will require similar 
tests of generalizations which have acquired the label of “superstitions.” 

Helping children learn how to think clearly, how to answer questions, 
how to seek concepts as they solve problems, is a purpose in all subject areas 
of the elementary school. Yet in science teaching there are unique opportuni 
ties. The opportunities are implicit in the methods of inquiry which children 
are encouraged to use in stating their problems clearly, formulating possible 
answers, utilizing a variety of materials and sources to get relevant informa 
tion, arriving at answers, and checking their answers in many different ways. 
Good science teachers in the elementary school realize that children gain 
skills in thinking, and in acquiring a sense of the processes of scientific in- 
quiry, through opportunities to make real investigations. These are basically 


the same major objectives of science as in the secondary school. The pattern is 
consistent, 


Preparing future scientists 


A purpose of teaching science in the elementary school is to help stu- 
dents gain knowledge that is important to them as children and later as adults. 
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In this sense science in the elementary school is a part of the general educa- 
tion of all persons. 

But teachers are aware that children with science interests may choose 
scientific vocational pursuits. Among the children in the elementary school 
are some whose dominating interest in science is evident from the first day of 
school. In others, interest in science develops later, after they have had formal 
experience with science. Good teachers know that these interests, whatever 
their origin, must be nurtured and kept alive throughout the elementary 
school years. From children with interest in science will come our scientists, 
engineers, and mathematicians. 

"Though the vocational aspects of science are usually minor considera- 
tions in the elementary school, sensitive teachers are constantly aware that 
providing children with interesting science experiences will keep open the 
possibilities of an. eventual career choice in science, 


Types of science programs in the elementary school 


The content of science 


The content of science in the elementary schools has a great similarity 
from state to state and from school to school. This is true, in part, because 
the source of this content is the natural environment. To children, just as to 
adults and scientists, this consists of the earth and sky; heat, light, sound, 
electricity, and other forms of energy; water, air, and rocks; plants, animals, 
the human body, and other living things; airplanes, rockets, and atoms. It is 
these things that children study, searching in an introductory way for stable 
patterns as the basis for predictions. 

Although there is a great similarity in the content of science, there is 
less uniformity as to the way the study is approached, the organization, or 
the total amount of science in the school program. An examination of sev- 
eral different guides and courses of study will indicate how the content of 
science is sometimes organized in the elementary school. Four somewhat dif- 
ferent types of content organization will serve as examples. 

Type 1. The same topics for all grades, but different and increasingly 
difficult aspects of the topics studied from grade to grade (one-year cycle). An 
example of this type of organization is found in the North Carolina publica- 
tion, Science for the Elementary School, from which the outline for Grades 
1, 2, and 3 is shown in Table 11-1. 

Type 2. The same topics for primary, intermediate, and upper grades, 
with different and more difficult aspects of the topics designated for the higher 
grades (two- or three-year cycle). An example of this type of suggested science 
content organization is found in Science Education [or the Elementary Schools 
of Ohio. 
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TABLE 11-1 Content organization, type 1 * 


FIRST VEAR 
mmm 
Animals Family ble 
Protection and care, food and sani 
tauon 
Animals eat plants 





ue I 
Pianis Seeds start new plants 
What plants need in order to hive 
Things that are alive, 





Weather Observing seasonal changes about us, 
Changing our play 
Getting ready for weather changes. 





Electricity, Making thongs go by fevers 
energy, power, — Water. 
change, force Wind 


— 


Homes — Al animals need a safe home 
Animal homes. 
Birds’ bomes 
Man s home. 


* Excerpts trom Science for the Elementary School, Publica 
tion No 293, State Superintendent of Public Instruction, 
Raleigh, North Carolina, pp. 30 33. 





Six broad areas are proposed in this bulletin: 


Living things 

Weather 

How machines help us 
The story of the earth 
Magnets and electricity 
. Heatth and nutrition 


LIT 


First are stated certain basic understandings involved in the study of 
each of these areas. Then follow specific understandings that could be devel- 
oped at each school level—primary, intermediate, and upper. In addition, the 
bulletin identifies basic questions for study which relate to the understandings. 

The organization of one area of study, the weather, is summarized in 
‘Table 11-2 to illustrate this type of science content organization 

Type 3. Topics for alternate grades the same (two-year cycle). In this 
arrangement the content topics suggested for grades 1, 3, and 5 are the same, 
and those for grades 2, 4, and 6 are the same. This organization is a way of 
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————————M———————— 





SECOND YEAR Trirp YEAR 
Animals change ın seasons, ‘Types of animals that Ike on land 
Animals differ m food, homes, habits, and in water. 

appearance Some insects in our locality. 
Animals resemble their parents The life cele of some insects and 
Water animals in our ponds. ansmals. 


Insects in our homes and gardens. 





Plants that hve in winter, others that do not. Plants in winter. 
Our garden plants-fall, winter, Changes in plants; life span. 
spring, summer. Seeds and how they are scattered. 


People need plants and animals 











Recording the signs of changes in the Uses of thermometers. 
seasons Some effects of seasonal changes in 
Preparing for seasons. plants, animals and man 
Making things work by electricity, Mays electricity helps us work and 
steam, horses, tractors, air. play. 


Lightning is electricity. 
Electricity aids the human eye. 





How some animals live on the winter Types of animal homes in water, 
Season. land. trees, ground. 
Care and protection of domestic 
animals, 





providing time for sizable units and avoiding repetition of topics to the bore- 
dom of children. The topics in this kind of organization may be much like 
those proposed in the North Carolina outline (Table 11-1), except that certain 
of the topics would be recommended for given grades and the remaining 
topics recommended for the alternate grades. 

Type 4, Science content based on social studies units. In some schools 
the science content is based in large measure on the learnings that contribute 
to the understanding of social studies problems or topics or units. In schools 
where this approach ıs made, units that are rich in science possibilities are 
usually included. And it is usually recommended that units which are for the 
most part science centered be chosen for study from time to time. 

This approach has been recommended in the State of Pennsylvania. The 
Elementary Course of Study suggests that science understandings and attitudes 
be dexelaped in connection with the study of social living (see Table 11-3). 

A teacher familiar with the wealth of possibilities in the study of the 
environment suggested by the socjal living topics and questions in Table 11.3 
could have a very rich science program in each grade. In order to help all 
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TABLE 11-2. Content organization, type 2* 
L——————————————————S 


BASIC UNDFASIAMPINGS. JNVOLVED. JN 
TAR STUDY OF WEATHER Gaanes 1 AND 2 


The sum ss the chief source of energy for ihe — How does the sun help us? 
earth What does the wind do? 

‘The earth and its life are greatly alfected by Where docs rain come from? 
the changes in the atmosphere which sur How does water get into cloud? 


founds the earth — What causes water to fall from clouds? 
Matter nay be found in various forms E EAE EN 
X has learned $ ilze snm fone Abt ax now? 
i: nis to : 
eather conditions and 10 male it posuble What causes ice to form? 
to forecast weather How do acicles form? 
How œn we make a record of the weather? 


1 The sun gues us heat This heat keeps 
us warm, melts the snow and ice, and 

akes our plants grow, 

2 Thermometers are used to measure tem- 
perature. 

3. The wind bends trees, blows paper and 
dust, carries seeds, and Shes kites, The 
wind blows from different directions A 
wind vane points to the direcoon of the 
wind. Wind is air that is moving. 

4 Ram is water that falls from the clouds 

5 Water disappears into the air and forms 
dlovds. 

6, A cloud ss made up of many floating 
drops of water 

7. Ram falls from the clouds when they 
are cooled. 

8 A rainbow 1s made by sunlight pasing 
through uny drops of water jn the ar. 

9 Snow is made up of flakes called crystals 
No two snow crystals are exactly alihe 

10 Snow, ace, icicles, and frost are formed 
when the temperatures are low. 





* Science Education for the Elementary Schools of Oh:o, Cusnculum Bulletin No. 3, State 
Department of Education, Columbus, Obio, 1916. Excerpts only are gen here. 


——M——MM H— MÀ 


teachers see the numerous possibilities, the Pennsylvania course of study 
includes a very thorough outline of science understandings that may be re- 
lated to the various social living units. 


There are numerous other variations in the way science content can be 
organized for teaching in the elementary school. However, the four examples 
given will serve to illustrate various possibilities If the purposes for teaching 
science are clear to the teachers in a school, they can undoubtedly be achieved 
in different ways. 
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Grapts 5$ AND 1 


Graves 5 AND 6 





Where is air found? 

What causes winds to blow? 

How does the thermometer measure tem- 
perature? 

What causes clouds? 

What causes ram? 

What causes fogs? 

What causes snow? 

What causes sleet and hail? 

What causes dew and frost? 

What causes thunder and lightning? 

How do hung things adjust themselves to 
weather conditions? 

1 Aur has weight and exerts pressure. 
2 Cold air is heavier than. warm air. 
3 Winds are caused by unequal heaung 
of the atmosphere 
4, Big winds which move across the country 
cause weather changes. 

Ar contains moisture in the form of 

water vapor. Warm air can hold more 

moisture than cold air 

When water vapor is cooled sufiaently 

in the atmosphere, it condenses and falls 

as rain or snow. 

Four different kinds of clouds may be 

seen in the sky. They are called cirrus, 

«umulus, nimbus, and stratus. 

8. Fog, dew, and frost are formed when 
water vapor condenses. 
Steet and hail are frozen 

- Lightning 1s a huge spark of frictional 
electriaty. 

11. Thunder is caused by air Tushing back 

together after lightning has passed 
through the air. 


p 


-* 


e 





s 


How do we measure the temperature? 

How do we measure air pressure? 

How can we measure the amount of water 
vapor or moisture in the air? 

How can we determine the direction the 
wind is blowing? 

How can we measure the speed or velocity 
of the wind? 

How can we measure the amount of rain- 
fall? 

How can we use the weather instruments 
in a classroom weather bureau? 

How can we have a healthful climate in our 
classroom? 

What are some of the causes of the weather 

myths, sayings, and folklore? 

- Weather is the result of 2 cycle of cause 
and effect. 

2 Chmate is the general average of weather 
over a large area. 

3. The weather is forecast after a careful 
study is made of facts collected by many 
different weather instruments, 

4 Weather has 2 definite relationship to man 
and his environment. 

5 Weather lore consists of statements, not 
based upon scientific fact, which have been 
Passed from one generaton to another 
and used as means of predicting weather, 


Many of the ideas in weather sayings are 
false. A few of them are true. 


—-_— ee 


Methods commonly used in teaching science to children 


The children who hase experienced rich Opportunities to study science 
have engaged in a variety of ways of learning. In fact, the richness of their 
programs was related in part to the variety: variety of questions dealt with, 
variety of materials and resources used to gain information, variety of ways 
of applying knowledge gained. Methods were selected insofar as possible to 


meet the needs of individual children. This means that a particular question 
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TABLE 11-3 Content organization, type 4 * 
te me m e e e e rtm 
Grade 1. Our homes and how e Ine in them 
How we go to and from school and what we see on the way 
How we enjos our pets 
Our school and bow we lne m it 
Holidays and special davs 
Grade 2. Getting acquasnted with our commumty 
Workers in our community 
How our farm neighbors help others 
Holidays and «pecial dass 
Grade 3, The everyday things about us 
Where the people i0 our community work and what they do 
How people farm what other people are doing and thinking 
How man uses water and how «t affects him 
The Indians who hved here before us 
Holidays and special davs 
Grade 4. How people Ive and work in our county 
How people live and work an our state 
How plants and animals help or harm each other 
How people hve and work in other ands 
Neighbors in space 
Grade 5. How trade and travel lead to discovery and exploration. 
Why the northeastern part of our country is called "The Changing Northeast" 
How man learns about his environment 
Why people settled im the South and how modern machines built a “New South” 
Wh) people moved mio the agricultura) interior and how they developed it 
Why the western states have grown so rapidly 
Parts of our pation that may someday become states 
Our common interests with Canada 
Holidays and special days 
Grade 6, Composition of substances 
Our nearest neighbors to the South 
How weather changes and how we predict weather 
How the natns of South. America have developed 
Transportation and communication in the Americas 
‘The growth of. American institutions. 
Holidays and speaal dass 
* The Elementary Course of Study, Bulletin 233 B, Depariment ot Public Instrucuon, Harns 
burg, Pennsstvania, 1951 


————M———— 


or problem or topic was approached by children in different ways, some 
studying one aspect and some another, 


In such programs children did not follow a lock step approach in which 


everyone necessarily studied the same details at the same time in the same 
way. 


In order that the learning experiences had maximum value (so that 
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“variety of activity” did not mean disorganized and aimless activity), much 
planning by teachers and children took place: What are the things we want 
to know? What shall we find out first? Who does and who does not already 
know about this? Who needs to do further investigation on this question? 
How can we get the information we need? Will we use books? Field trips? 
Films? Experiment with materials? Talk to people who already know? Which 
things will we all do together? Which individually? When will we do them? A 
trip? Who will help plan it? An experiment? What materials will we need? 
Where can we get them? What have we learned? Have we arrived at some new 
understandings? How can we make use of this information? What do we 
need to study further? 

Yes, in a rich science program children had opportunities of the hind sug. 
gested by the dozens of questions above. In such programs the teachers have 
‘been very resourceful—but not so resourcefu) that they did all the planning, 
obtained all the equipment and materials, did all the reading, and told the 
children all the answers! On the contrary, they kept ín mind that the methods 
used must give support to the major purposes of helping children learn how 
to learn, think critically, and develop an awareness of how knowledge is ob- 
tained by getting it through many and varied experiences. 

Thus children in good science programs have learned through exploring 
and investigating with all their senses, using all kinds of available learning 
resources. And in all this they normally have acquired a great amount of 
Knowledge. But it would be a mistake to think that all of them acquired 
the same knowledge. Most elementary science programs were aimed not at 
having all children acquire the same knowledge, but at having all children 
increase and mature in their knowledge. Some will have gained a tremendous 
amount; others will have gained much; still others will have gained little. 

To be realistic, the existence of a state or local science curriculum is no 
guarantee of what actually occurred in the classroom. Many elementary 
teachers are insecure in science; they need quite a few types of help and 
encouragement from able consultants. In many schools the methods used were 
less stimulating and the science programs limited. Perhaps “reading about 
science” with an occasional demonstration was the typical pattern. Perhaps 
children did not have an opportunity "to try things out for themselves" as 
often as necessary, either to maintain interest or to gain understanding. Per- 
haps "science time" was the period when a few selected children performed 
for the others, without much opportunity for those “others” to participate, 
Perhaps science was something children were permitted to read about after 
they had completed their other lessons. But for some, it was hard to complete 
these other lessons; so there was no science, except for the quick students. 

Regardless of the particular kinds of experiences which pupils now in 
high school science classes had in elementary school, and the present status 
of methods used in teaching elementary science, there is no doubt that year 
by year the programs are improving. Everywhere elementary teachers are 
anxious and striving to improve their Lnowledge of science and skill in teach- 
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ing it. Ideally, it is hoped that most high school science teachers can assume 
with confidence that the children they teach hase been taught in elementary 
science "in the ways of the scientist." 

In regard to methods used, the challenge to science teachers in the junior 
high school and the high school ıs at least twofold. Tirst, they dare not let 
down those pupils who have already come to know science as an opportunity 
to 1mvestigate and inquire in a variety of ways. They dare not take a chance 
on approaching the study of science, for example, from just reading and 
talking about it. This would certainly be dull, boring, and disillusioning to 
young people who had sprouted wings in the methods of science. 

The second challenge is to give pupils who have not had rich experiences 
in the methods of scientific investigation opportunities to study science in 
ways that will spark their imagination and enthusiasm. It is the purpose of 
this book, of course, to present in many contexts suggestions which will 
enable high school science teachers to meet both of these challenges. 





Some characteristics of children and how they learn 


In rich science programs in the elementary school, children used a variety 
of methods and materials, as described in the foregoing section, There is per: 
haps no virtue in variety for yariety’s sake. But the necessity of variety of 
approach, of materials, and of methods seems to follow from our knowledge 
of the varied interests and abilities of children and how they learn. By a 
“good” science program we mean one in which these variations are taken 
into account. 

Children are investigators. Children ask questions, they feel objects, they 
touch and smell things, This trait of curiosity is in itself a sufficient basis to 
justify a good science program in the elementary school. And though there 
are many common elements among children’s questions about their environ- 
ment, there is also diversity. Thus, in order to nurture interest and help chil- 
dren know about things that are of immediate concern to them, some schemes 
must be worked out to take into account the variety of interests among 
children, 

Children learn through activity. The application of this principle in 
science teaching requires careful thought about what jt is children are sup- 
posed to learn. Are they to learn to think carefully? Observe carefully? Pian 
procedures? Develop skill in using and caring for scales, microscopes, tele- 
scopes, rulers? Read for relevant information? It is usually intended that chil- 
dren learn these things. If so, it is these things which chíldren need experience 
in doing. Thinking, reading, experimenting, etc., are doing. 

The ability to wire a simple series circuit is not learned by most children 
without doing it many times. And wiring dry cells, buzzers, and switches in 
series helps most children understand the nature of a circuit better than 
simply reading about it or having it shown or described to them. 
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Children do different things as they learn. Some children may understand 
a simple circuit after reading about it without wiring up a circuit. Some 
may understand a point perfectly after hearing it explained; some need to 
see pictures; some need to read about it and tall. about it; many need to do 
it. Thus the only safe procedure in working with groups of children is to 
them opportunities to approach the learning through a variety of acti 
All children may not need co do all things. Judicious guidance by the teacher, 
plus ample planning with the children, is the Lej to the organization of Jearn- 
ing situations where children do what they need to do to learn best. 

Planning has just been mentioned. Aside from the fact that we want 
children to mature tn their ability to plan courses of action for themselves, 
toward appropriate ends, it is generally believed by elementary teachers that 
children learn best when they understand the purposes for which learning 
activities are being carried on. One way to get this understanding of purpose is 
to involve children in discussing the purposes and in planning ways of achiev- 
ing them. In this way children are used as valuable resources; invariably good 
ways for their learning come out of the suggestions offered. 

Good teachers are aware that successful science teaching depends on, 
and is promoted by, taking into account these characteristics of children and 
how they learn. 





High school teachers’ role in improving elementary science teaching 


Every high school teacher is in a position to contribute either directly or 
indirectly to the improvement of science teaching in the elementary school. 
Four ways will be mentioned briefly. 

Influence on prospective teachers. One of the most common reasons given 
by elementary school teachers for not teaching science is that they disliked 
the science they had in high school and were not interested in taking any more 
of it in college unless required. When they did take science courses in college, 
the experience often intensified their dislike of it. As a result they frequently 
have skimpy knowledge of science and a fear of attempting to teach it. Of 
course, this is an oversimplified explanation, but nevertheless there seems to 
be some truth in the remarks of teachers that their carly experiences with 
science in high school influenced their outlook on teaching science. What are 
your obligations to children who may become elementary school teachers? 

Big brothers ond sisters have little brothers and sisters. When high 
school students who are taling science are enthusiastic about it, the enthusiasm 
spills over at home. Often there are younger brothers and sisters whose 
interest is sparked by learning about what is going on in the science classes 
in high school. More than one elementary school youngster has carried this 
interest back to his classroom. From this interest his entire class may get 
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Jaunched on a series of investigations. Does this suggest ways in which your 
classes might be taught? 

Helping elementary teachers with their science teaching problems, Al 
most every junior high school or high school science teacher has opportunities 
to help elementary teachers and children with their science problems. Same- 
times ìt may be through helping classify a flower, a rock, or a shell. It may be 
helping make out an order list of materials to be purchased from a science 
supply house. It may be ın going to the classroom and helping the children 
get launched on a science umt, or in answering questions for them, or in 
doing a demonstration which the children might repeat for themselves later. 

Occasionally, upon request, the high school science teacher can arrange 
or his pupils to work with children periodically on science problems. Often 
the pupils (not too long out of elementary school themselves) can sense the 
kind of help that 15 most useful. In spite of this possibility, when older pupils 
help younger ones, it is usually wise for the teachers involved to be in on the 
planning and direction of the activities. 

When the high school science teacher agrees to help a group of elementary 
school children, he must do it in the framework of the purposes of the group 
he is helping. Teaching the content and more exacting methods which high 
school pupils are expected to learn cannot be the program for elementary 
school children. But by keeping in mind what the science program of the 
elementary school is, the high school science teacher can be both a stimulation 
and a good resource for elementary teachers. 

Serving as consultants in elementary school inservice programs and 
workshops. The high school science teacher is often asked to serve as a con- 
sultant at science workshops for elementary teachers, or as a committee mem- 
ber of a group planning a curriculum program for a city or county. When 
such an occasion arises a science teacher who understands the elementary 
school and how children learn science is in a good position to be helpful. 

The development of science curriculums in most elementary schools is 
usually a part of an inservice program for teachers. Thus the development of 
the program for children is at the same time an opportunity for elementary 
teachers to become better prepared to teach science skillfully. When the high 
school science teacher is called upon to help, he can be most useful by begin- 
ning with the problems and questions of the teachers, and working with them 
in ways that stimulate growth in them and give them confidence. 

Usually this means helping teachers plan experiences whereby they can 
discover knowledge for themselves (opportunities to experiment, to read, to 
take trips and the like) rather than the direct memorization of scientific facts 
from lectures and books. At least, as with children, discussion and books 
should be tied into the learning process along with other relevant sources of 
information. In short, teachers need opportunities to investigate for a pur- 
pose in the same ways they expect their children to investigate. 

"The science teacher serving as a consultant to elementary teachers is not 
most effective when his chief concern is “to prepare children for high school 
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science." Rather he is most useful when he helps elementary teachers con- 
sider reflectively what is best for the children concerned and when he helps 
them male science exciting and stimulating for those children. He is then, 
as a matter of fact, helping the children prepare for more mature interests in 
and study of science. 


An excursion 
into elementary science 





W-1. At your earliest opportunity visit several elementary science Classrooms, 
If the elementary school feeds your junior or senior high school, why not offer 
your help? The elementary school science teachers may return this help by 
identifying the "science prone" for you. 
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CHAPTER 12 


Inventicns in science courses: 


The course in biology 


A note at the beginning: Biology courses arc generally given in the tenth grade, 
following general science. The entering boy or girl has 
alreads studied considerable biological science: he has 
had it in elementary science and in general science. Yet 
here ıs his first experience with a useful body of informa- 
tion with its own particular flavor. 

Sooner or later a teacher, say, 2 teacher of biology, 
begins to wonder about the course he is to teach or has been 
teaching for years. Perhaps a new course of study, a new 
syllabus comes to his attention or a new textbook arrives. 
Perhaps he is on a curriculum committee to work with 
others; perhaps he is a free agent and can build his own 
course if he wishes. To what is he to turn for suggestions? 

‘The teacher is not alone. Others have worked before 
him, and he can build on what has been done, on material, 
for example, in this chapter and the readings it suggests. 

‘This chapter, and the next three chapters are similar 
in structure; they are organized as follows: * 


Development of the course in biology 

Patterns of present courses in biology 

Frames for developing a course in biology 

Special considerations in teaching biolozy 

An excursion into developing one's own course in biology- 


Development of the course in biology* 


The first secondary school botany and zoology courses, from which biol- 
ogy has evolved, were patterned after college courses. (To develop the exact 


1 Substitute “chemustry” or “physics” or “general science™ for “biolozy” in cach of these 
headings for the subsequent three chapters. Chapter 16. The Course in Physical Science, docs 
not follow this pattern, the course is 100 recent to examine in tbe same wax or ar such length. 

This section draws from S. Rosen. "The Decline and Fall of High. School Phyuolozv. 
School end Society, 85, 303, 1957, and “A History of Science Teaching in the American Public 
Figh School, 1820-1920,” unpublished Pb_D. thesis, Harvard U_ Cambndge, 1955 
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line of course changes is not necessary, for the college courses in botany and 
zoology a century ago were rather different from courses of the same names 
now.) A secondary school course in “natural history” was introduced around 
1818 in the Wesleyan Academy in Wilbraham, Mass. A similar course ap- 
peared in the New York City curriculum around 1825. The first physiology 
courses seem to have appeared in schools shortly after 1825. Natural history, 
although somewhat haphazard in its choice of materials (which depended upon 
the interests of the individual teacher), nevertheless, was minutely detailed, 
stressing taxonomy, anatomy, and later, comparative anatomy, with emphasis 
on nomenclature. Separate botany and zoology courses were the common 
pattern, with physiology a later addition. After 1850, of the three courses, 
botany and zoology seem to have been offered by about half the secondary 
schools, while physiology was available in more than three-fourths? 


The flavor of these early courses can be sensed from the books available. 
In 1875 Edward S. Morse wrote ín the preface to his First Book of Zoology, 
^... the pupil is expected to study with the book in one hand and the speci- 
mens in the other.”* The appeal was for systematic classification through 
careful attention to static attributes of the material. Few concepts were in- 
volved, for biology stilt lacked many of the major concepts available today. 

The characteristics of these courses at the turn of the century are indi- 
cated by the recommendations of the Committee of Ten in 1891 for a year's 
study in high school of botany or zoology. Botany was preferred because 
appropriate materials were readily available in the local environment. The 
course was to be concerned with “minute anatomy and classification” through 
direct observation.* The approach to zoology is indicated by this realistic 
statement: * 


Success in teaching [roology] is sometimes jeopardired by the early presentation of 
disagreeable features of the subject matter aught It is desirable to postpone the 
consideration of these, if it can be done without essential loss, until the interest of 
the student has been so secured as to induce him to face tbe disagreeable for the 
sake of probable, though distant, advantages. Hence everything like disection 
should be postponed until the eager curiosity of the tyro overcomes a posible 
timidity incident to anatomical investigation. 


At the dawn of the 1900's we find then the structure: separate botany 
and zoology strongly dominated in subject matter by Linnaean minded natu- 
ralists and in pedagogy by faculty psychologists. Both dominating influences 
were to be rudely shaken, the former by Pasteur, Darwin, Mendel. Bateson, 
and Huxley, the later by experimental psychologists like C. S. Hall, Thorn- 
dike, Thurston, and even Freud. 





+ Tat data art mot avatatle on the fieqoene of enreliments in tbew cun "The 
statistics of the U.S O%ee of Peucaton do not imtude phidolosy unul £900 of teeny and 
amk until 1910 altbourh these court bat teen offered for decades 

#Tdwand $. Mone. Fart Book of Zoology, Amenan Ronk, N. Y. 1075, p, ba 

* fr - et Ihe Comeitee of Teu on Secondary Schoo! $rudies, American Bool, N. Yu 
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Huxley had aheady introduced a course called biology in the 1850's; 
soon thereafter ane of his students founded a similar course in Johns Hopkins 
Unnersity. In 1905 a New York course of study in high school biology ap- 
peared Such first biology courses were inevitably a compound of physiology, 
zoology, and botany. Later materials were added, for one reason or another, 
from the fields of anthropology (evolution), geology (mainly historical), and 
psychology (mainly habits of study) 

Then as now, syllabus committees were not as free as one might sup- 
pose, they were expected to gne attenuon to the botany, zoology, and physiol- 
ogy of the past and 1o the genetics, anthropology, evolution, and psychology 
of the present, And the chenustry of living things (biochemistry) was beginning 
to deserve attention. By 1910 the process of fusion was widely accepted. 

In 1913 the College Entrance Examination Board first offered an exami- 
nation ın biology; the syllabus for preparatory courses was, however, half a 
year of botany and half a ycar of zoology Not until 1936 did this Board offer 
an examination in unified biology. Evidently the schools were ahead of the 
colleges and their Entrance Board in designing effective high school courses. 

In 1920 the Commission on the Reorganization of Science in the Secondary 
Schools suggested that biology be offered in the ninth grade in schools or 
ganized on the 6-3 3 plan and in the tenth grade in schools organized on the 
84 plan. Soon biology was generally offered in the tenth grade as it cus- 
tomarily is today. Botany and zoology courses are, for all practical purposes, 
not significant in the present secondary school curriculum. Physiology courses 
stil have an appreciable enrollment, but generally they are now offered as an 
advanced biology course for students interested in nursing or home economics. 

The biology course today, if we are to take the judgment of the Forty: 
Sixth Yearbook Committee, indicates that “the trend has been toward focus- 
ing attention less on the organization of subject matter and more on the 
results in the lives of the learners." Materials significant to the child have 
been substituted for traditional materia! which had little relationship to the 
world in which the youngster lived 

Part of the reason for the rapid shift of the course in biology from the 
traditional base in zoology and botany has been the elimination of the double 
laboratory period, once an essential component of courses in botany and 
zoology. Indeed, the biology course is currently noted for the Muidity of its 
laboratory period. On the other hand, courses like chemistry and physics, 
with a fixed laboratory period, tend to retain a traditional body of material 
because they retain traditional equipment and a fairly continuous structure. 

More important probably was the fact that biology was given in the tenth 
grade to a body of students with vastly divergent gifts and potentialities. 
Hence there was need for a course to serve a large undifferentiated group. 








+ Reorganization of Sctence in Secondary Schools, U. § Office of Education Bulleun No. 
26, Washington, D C., 1920 
‘National Society for the Study of Education, Forty-Sixth Yearbs 


k, , Stie 
Education m American Schools, U. of Chicago Press, Chicago, 1917, p. 18. Part 1, Science 
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In any event, biology has developed not in the tradition of a course for a 
selected group~selected by whatever device one chooses—but as a course iden- 
tified with general education. It looked first, in short, to the development of 
human beings, and secondly, to the development of specialists; first it dealt 
with life, then with college entrance. The primary criterion for assessing 2 
course for all pupils is simply: Will the course result in more intelligent 
behavior? 

In 1931 the Thirty-First Yearbook® had stressed not only that courses 
should be organized around the principles of science (not separate details of 
subject matter), but also that these principles should relate to everyday living. 
Cole * in a textbook on the teaching of biology stressed the need to make 
biology meaningful in the lives of students; “knowledges, skills, experiences, 
and concepts in life situations" were at the core of biology teaching. 

Put more specifically, biology teachíng in the early 1900's provided 
specialized training far in excess of the needs of the children of the com- 
munity. This type of teaching dealt with a content (“minute anatomy and 
classification”) which was often so unrelated to problems of living that it 
became useless, boring, and impossible to remember, It seems difficult to justify 
requiring the majority of our students to learn the complete life histories 
of Paramecium (hetcromixis, for instance), Rhizopus, and Spirogyra, and the 
alternation of generations in the mosses and ferns, and to memorize the 
eatensive scientific vocabulary involved in the classification of plants and ani- 
mals, when the urgent and immediate problems of personal and community 
living—nutrition, disease, social behavior, racism, and biological production 
begged for attention. However, that this was once the case can be understood 
if we recall that in the early 1900's faculty discipline was the basis of the 
psychology of learning, the high schools still had a limited enrollment of stu- 
dents preparing for college, and science teaching was in its infancy. 

Xt appears now that the trend" in the teaching of biology is toward 
dealing with the concepts of biology which will help students understand 
themselves as organisms and their environments in terms of the interrelation- 
ship of the organism and the environment. The trend is to fit biology to the 
needs and interests of all students, whether academically able or not. Hence 
the multiplicity of courses, 

In general, biology teachers do not exclude from their course any given 
group of students. From the modern biology course all students might gain: 


1. A sufhcient understanding of the concepts of biology to enable those 
"wo wilh rio become douwn, Tons, Vortman, Somers, or other agents 
of public health or biological production to cooperate intelligently with 
those who are. 





® National Society for the Study of Education, Thirty First Yearbook, Part 1, 4 Program 
for Scuence Teaching, U. of Chicaza Press, Chicazo, 1932. 

3€ W, E. Cole, Teaching of Biology, D. Appleton Century, N, Y., 1031. 

)1 This trend appeared from a study of 10 bestselling tevitooks io 1235 and in 1955, ales 
fiom a siudy of curriculoms in 22 varied school systems, smalt and large. rural and urban 





2. "The opportunities for a practical understanding of the method of the 
biologist which wall give them the confidence, in consultation with experts, 
to attempt the solution of problems which they have to face in their individual 
and social lives, 

8. The incentive to become biologists (scientists with special interest in 
biology) or experts in applying the concepts of biology (e.g, doctors, nurses). 


If this interpretation of the trend in modern biology teaching is correct, one 
would expect to find a wide vartety of courses, including those for the science- 
shy and for the science prone, this 15 indeed the case. 

Cenain biology teachers have attempted to fit their courses to an expand- 
ing and diversified student body. Enrollments in biology have tended to in- 
clude a majority of the students, 

Brown? reported that in 195153 enrollment in all types of biology 
courses equaled 726% of the number of pupils enrolled in the tenth grade. 
Nahon-wide this percentage ranged from 60.8 in the Pacific states to 87,7 in 
the South Atlantic states. Average class size in biology was 27, in contrast to 22 
im chemistry and 19 in physics. Of those schools with tenth grades, 8955 
offered biology. 

‘The significance of the 726°, enrollment in biology increases when we 
note that chemistry enrollments equaled 31.97% of all eleventh graders, while 
physics enrollments equaled 23 59% of all twelfth graders, In total pupils biol- 
ogy had three times tlic enrollment of chemistry and four times the enroll- 
ment of physics. 

‘The percentage of public school children in biology has increased steadily 
since its introduction, at the expense of botany, zoology, and physiology. In 
1910, for instance, the total number of students enrolled in the new biology 
course was only 8,009, although 220,000 others were enrolled in botany, 
zoology, and physiology. In 1955 biology enrolled 1,200,000 pupils, an increase 
of 150-fold since 1910, or 1967; of all children in high school. The biology 
course, newborn in 1910, has become a stalwart member of the science cure 
riculum. 

As a consequence biology teachers have the opportunity of reaching and 
influencing many more students than either chemistry or physics teachers, The 
type of course offered in biology is then especially important. 





Patterns of present courses in biology 


"There are various course outlines (scope and sequence material) avail- 
able which we should examine before we develop a base for the particular 
one which the reader may devise for his own purposes. At all times the samples 





12 Kenneth. E. Brown, Offenngs and. Fnrollments in Science and Mathematics in Public 
Secondary Schools, U. S Department of Education Pamphlet No. iis, U. S Government 
Printing Office, Washington, D. C., 1956. - 
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offered here ate to be considered not as “models” or “examples,” but just as 
samples. A scope and sequence is 2 curricular invention which fits a particular 
group of students, in a particular school, in a particular community. That in- 
vention is the result of the collaborative efforts of particular teachers with 
particular training. Hence one scope and sequence should, and indeed must, 
be different from another. There are, however, families of course outlines 
which bear general resemblantes to each other. 

Tnevitably with the changing numbers and composition of high school 
enrollments and the changes in teachers’ views of their responsibilities to the 
pupils, course design in biology has taken several different centers of concern. 
These came historically in a sequence and most are still with us in varied 
abundance. If you observe in the schools of the country, you will discern pat- 
terns such as the following. 


The systematic, or college-preparatory, course 


Systematic courses, often with half a year of botany and half a year of 
zoology, were among the first to be offered when biology appeared in the 
curriculum, Because these mimicked collegiate courses and because, at that 
time, all courses were heavily college-oriented, these were often known as 
"college preparatory." A diminishing number of public schools give such 
courses? although they are still rather common in the private schools which 
stress college preparation. 

"Table 12-1 shows the parallelism between systematic biology courses in 
high school and in college. Column 1 gives a course outline for a biology 
course in high school; column 2, for one in college. Obviously the intent of 
such a high school course is to present the subject matter of biology systemati- 
cally. This "college-preparatory" course in the high school may be identical 
in intent certainly, and even in content, to a college course, or it may be 
“watered down.” In either case, the lecture method is generally favored; for, 
if all the material is to be covered in class, no other teaching procedure will 
suffice. 

The evidence is scanty indeed that the subject matter content of a course 
is in itself a significant factor in preparing students for general success in 
college or even in a collegiate course within the same field. Such courses may, 
however, help prepare students for the examinations of the College Entrance 
Board, insofar as teachers can determine by one means or another what these 
examinations include. "This idea ot "preparation for examination" deserves 
and will receive careful scrutiny in Chapter 19. 

Why such systematic courses ase still fairly common in the high school is 
puzzling. They cannot be justified 2s preparation for the College Entrance Ex- 
antinations; tess than 10,000 (in 1951-55 actually 7,025) of the 1,200,000 pupils 





13In a suney in Michinan, G. G. Malimon found about $0 per cent of the biology 
courses to be “systematic.” (Newsletter 2 of the Michixan Science Teachers Amociation, June 
1955. mimeographed.) Several of the texts in high esteem are constructed on this pattern. 
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TABLE 72. 





The systematic biology course in high school and college 


a 


High school * 


I General characteristics of hfe 
+ Suennfic method n biology 
B Characteristics of tang things 
C Classification of plants and animals 
D The cell (protoplasm) 


Tl Plant life 
A Schuophytes, thallophytes 
B Mosses 
C Ferns 
D Seed plants 
X. Plant physiology 


TU Animal life 
A, Unicellular animals 
B Lower invertebrates 
C Higher invertebrates 
D. Lower vertebrates 
E Higher vertebrates 
F, Ecology (plants-animals) 


IV Animal anatomy and physiology 
A The digestive system 
B The respiratory system 
C. The arculatory system 
D The nervous system 
E. The reproductive system 
F The excretory system 
G Endocrines 


V. Embryology and heredity 
A Development 
B Heredity 


VI Evolution 
A. Geological history 
B Theory of evolution 
C. Mechamcs of evolution 


VI, Optional 


A. Biological professions 


* From two high schools, one ia New Eng 
land, one in a Middle Atlantic state. 


Colleget 


I General characteristics of life 
A Science and. biology 
B. Chemistry of protoplasm 
C The cell 
D Characteristics and functions of liv- 
ang things 


It The plant kingdom 
A Thallophyta 
B Schuomycetes 
C. Bryophyta 
D Preridophyta 
E The evolution of sexuality in plants 
F Gymnosperms 
G. Angiosperms 
H Anatomy of plants 
1, Physiology of plants 
J Ecology of plants 


It Invertebrates 
A Protozoa (protista) 
B Coelenterata 
C. Platyhelminthes 
D Nemathelminthes 
E. Annelida 
F Arthropoda 
G Mollusca 


AV. Vertebrates 
A. Protochordates 
B, Chordates 
C, Animal metabolism 
D Type forms (frog, rat) 
F. Digestive systems 
F. Respiratory, excretory systems 
G, The circulatory system 
HZ Sense organs and the nervous system 
L Endocnnes 
J Reproductive systems 


V. Ecology 
A Ecology of plants 
B Ecology of ammals 
C. Economic biology 


VI. Development. 
A Types of development 
B Physical base of heredity 
C. Human heredity 
D Plant and animal breeding 


VI. Evolution and man 


A. History of life 

B Orgamc evolution. (theory) 
C. Evidences for evolution 

D Mechamsm of evolution. 
E. Biogeography and man 


t From a Miduestern umvernty. 


ts 


TABLE 12-2. The principles course in biology * 


————————————————————— 





I. Life functions of organisms IV. Living things react to their environment 
Il. Living things vary A. Behasior 

A. Organization V. Plants and animals resemble their 

B. Classification ancestors 
II Living things depend on their environ- A. Genetics 

ment VIL Life has continuity 

A Food getting A. Reproduction 

B Photosynthesis VIL. Life is a result of organic change 

C. Interrelationships A. Evolution 


D, Conservation 


* Typical of courses gnen in five cities. Northeast, Southeast, Midwest, Southwest, North- 
west The order ot units varies. 





enrolled each year in biology take the College Board Examination in it.'* 
But they indicate the influence of the college on the bigh school. 


The principles, or conceptual schemes, course 


In time, more and more students remained in high school, and as the 
course in biology continued to develop from its base in botany and zoology, it 
evolved along the lines of general education. Increasingly teachers developed 
their courses in the ninth and tenth years to help young people understand the 
world about them. This meant emphasis on the major principles of biology, 
on the life functions which were generally those of all organisms, on informa- 
tion which could be applied generally. Hence, there was emphasis on the 
major generalizations or principles which describe how the organism behaves 
or how it has changed with time (see Table 12-2). The emphasis was not on 
invertebrates and vertebrates as such, but on the principle of evolution which 
underlies their development. The characteristics of vertebrates were used to 
shed light on the evolution of organisms. 

However, the “principles course” as developed in high school was never 
really a. principles course. The relationships central to the course were of 
diverse degrees of gencrality. Sometimes they were found in processes or 
functions such as respiration, reproduction, digestion; while at other times 
they were taken from such embracing ideas as evolution, conservation of 
energy, and the food cycle, The functions of plants and animals, like repro- 
duction, were often related. in one curricular block or unit. Yet the larger 
principles underlying such relationships (e.g. the principle of the alternation 
of generations evidenced in the evolutionary development of organisms) were 
rarely developed. Apparently a course treating really grand principles of biol- 
ogy remains to be developed for the high school. 


14 1, S. Dier and R. C. King, College Entrance Test Scores end Their Interpretation, 
Ao, 2, Faucational Texting Service, Princeton, J. 1955. 


Fifty-Fourth Annual "Report ef the Director, College Entrance Faamination Board, 
N.Y. 1958, p. 62. 
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TABLE Y A needs-centered course in biology * 

OVE LEE PN E LT QM 

I Improung our behavior 1 Improung our food supply 
A General behavior. A Photonnthesis 
B Learning B Conservation 

IL Living a longer, more vigorous hife VE Biology in our personal hives 
A Health 3. Recreatioml (field trips) 
B Disease B Hobtues 
€ Det 1 Animals 
F Longevity 2 Plants 

TIE Qur inhentance 3. Pets 
A Heredity C. Vocations 
B. Feotation 1 Medicine 

IV Getting along with others 2. Nurnng 
A. Anthropology 5. Technology 


B Raciat relations 


* From tno courses, one given jn a West Coast city, another on the East Coast. 


————————————D 


The needs-centered course 


Almost at the opposite pole from the course in systematic biology is one 
which might be called “needs centered.” Its content is derived from an rami 
nation of the behavioral objectives to be sought from general education (Chap- 
ter 5). Its foremost objective is to provide whatever biology young people 
really need to know and utilize for successful living. 

"The course draws its content from all of biology. It attempts to get boys 
and girls to state their “problems” and to seek answers through building and 
applying relevant concepts. For instance, if a boy or girl were to ash, “How can 
we know whether feeble mindedness is inherited™ the concepts of heredity 
and many others would be involved in the scarch for a solution, H the teacher 
is the type who plans with the class (Chapter 4), then he would ash the 
class, "What do jou need to know to answer this question?" and proceed to 
develop a series of concepts or principles, as well as activities, which would 
help students sole the problem. (Note on page 241 the value of such a course 
in leading to high scores on the College Entrance Examination in biology.) 

‘The importance of attempting to discover and deal with the real needs 
of pupils (among other significant points) was underlined in the “Report 
of the Southeastern Conference of Biology "Teachers" ?* held in 1951: "The 
objectives of the course are not valid unul they become the objectives of the 
students.” Teachers who believe this find their objectives most readily by 
beginning with those of the students within the area of biology and by adapt- 
ing the subject material and interweaving the concepts required for satisfy- 
ing answers. The objectives or “problems” of the students will show con 
siderable stability from year to year and place to place. 

Whether the course is evolved by planning with the children or by à 
committee of teachers sensitive ta the interests of their pupils or by the 


18 The American Biology Teacher, Vol. 17, No. 1, Jan. 1955, p. 35. 
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TABLE 12-4 A compromise course in biology * 


—————————————————————————————— 


I. Introduction to biology 

A. Introducing the scence of biology: 
‘The ways of the scientist 

B. The nature of hfe 
1. Characteristics of protoplasm 
2 Cells 
$ The organism 

C. The varier} of hving things 
1. Classification + 
f. Economics and ecology of living 

things woven in with the classifi- 


HL Human biology 
A. Nutrition: Digestion 
B. Physiology 
1. Circulation 
2 Respiration 
3 Behavior 
C. Disease prevention 
1. Bacteriology 
mmunology 
IV. Continuity of living things 





cation 
1I. Body structure and functions 
A. Structure and fonctions of plants 


A. Reproduction 
B. Heredity 
C. Evolution. 
D. Conservation 


B. Structure and functions of animals 


* Course from a large city school. : 1 
One wonders why classification is taught so early in the course where it has little meaning. 


Taught as part of organic evolution—as an outcome of it—and as lending evidence to this 
conceptual scheme, it does have meaning. 





Curriculum Coordinator is not important. The course has a distinct flavor 
different from those we have called “systematic biology" and "the principles 
course.” One course based on children's interests is shown in Table 12.3. 


The compromise course 


Usually the course in biology as outlined in published curriculums of 
state or city departments is not entirely a ""needs-centered" or "systematic" or 
“principles” course. A state or city department has many types of schools 
within its purview; hence, it generally prescribes not a rigid course but a 
course of study which permits many shades of opinion to survive. Generally, 
such a published course includes about 90 per cent of the topics the teachers 
in the state will teach, In fact, the outline of units in Table 12-4, included 
here as a sample of such a course of study, has 90 per cent of the topics gen- 
erally taught in the entire country. 

Which of these many topics are to be emphasized is indicated through 
suggested time allotments. For instance, by assigning the number of days in 
which each topic is to be “covered,” or by indicating that some are "optiona! 
relative emphasis may be placed on particular topics. Of course, if there is a 
state examination, its own emphasis will weight the various topics. One may 
expect that in such a compromise course, time is of the essence, and compro- 
mise is effected in the “teaching methods” used. The lecture dominates, al- 
though there is some discussion of "problems," particularly in Parts III and 
IV. Laboratory manuals and a workbook are customarily used. Essentially 
this course is an evolutionary link between the “systematic” and the “prin- 
ciples” and the “needs-centered” course. 
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The vocational course and the home economics course 


In some schools, the vocational aspects of biology are stressed. There 
are such courses as gardening and biological laboratory techniques. Examples 
of these courses are available in special schools, for instance, in vocational 
schools Smular im aspect to the vocational course is the biology course with the. 
home economics approach, such as nutrition or nursing. Sometimes these 
courses are under the direction of the Health Education Department (sce 
references at the end of chapter). 


The honor course 


Recently in an attempt to meet the needs of the more able student, or the 
rapid learner, honor courses in biology have been set up. These and other 
“honor courses” are discussed in Chapter 9, Such courses generally seem to be 
high school courses with move work than the “average” high school student 
does, or college courses with less work than the “average” college student does. 


Frames for developing a course in biology 


Eventually a teacher develops his own course and its pattern of activity. 
"To what may he turn for help? When building a course he may wish to refer 
to the following frames of reference; all are important, but their order of 
treatment here may not be their order of importance to him. Since his course 
will be a personal invention, its special ingredients will involve his total 
teaching situation: students, teachers, and the community, 


Conceptual schemes as a frame of reference 


Depending on the structure of the course, the principles and concepts 
selected will form a pattern, but there will also be underlying conceptual 
schemes, This is inevitable, because science is a quest for the large concepts 
which explain the way the world works and which can be used for the design 
of further observations and experiments. 


Biology has many conceptual schemes which give it a distinct identity as 
a science, For instance: 


All living things originate from other living things. 

Oser geologic history, all living things have developed from simpler Jiv- 
ing things. 

Cells are the building blocks of living things. 

Genes (in their chromosomes) are the physical basis of heredity. 

Living things get energy for their activities from their environment, 

Living things live in communities. 

Living things are mutually interdependent, 
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"Fhese conceptual schemes, and others the teacher may select for treat- 
ment in his course, may be subdisided into supporting principles, or con- 
cepts. For instance, let us take the conceptual scheme: Genes (in their chromo- 
somes) are the physical basis of heredity. 

Some concepts, but certainly not all, which might be included are: 


Genes are transmitted to offspring through germ plasm, not through 
somatoplasm. 

Chromosomes undergo a regular behavior during cell division (mitosis 
and meiosis). 

Genes act as units in inheritance. 

The genes affecting a single trait segregate into different germ cells 
during maturation. 


Naturally, there are many others; the teacher will select those which fit the 
objectives of the course and those which fit his pattern. 

Some biology teachers feel that there is really only one conceptual scheme 
—evolution—and that all other conceptual schemes contribute in a subsidiary 
way as principles, ideas within this centra! conceptual schemes While the 
designation of one major idea or another in science as a conceptual scheme 
is somewhat arbitrary, we should re-emphasize the importance of the em- 
bracing conceptual schemes which are properly the center of any course. Pub- 
fished studies of the many principles inherent in biology can serve as guides 
to the teacher who wishes to explore possible course reorganization. 

Sometimes in the construction of courses around conceptual schemes or 
principles, the major headings are stated in topical form. If this is done, we 
suggest that for clarity and emphasis the major concept be immediately 
stated after the topic, at least in the teacher's notes: 


The Structure of Living Things: Cells are the building blocks of all Iiv- 
ing things. 

‘The Reproduction of Living Things: Alf fiving things originate from 
other living things. 

Communities of Living Things: Living things are mutually interdependent. 

Inheritance of Living Things: Genes are the physical basis of heredity. 

Evolution of Living Things: All living things have developed from simpler 
living things. 


‘The reason is this: A topic indicates only an area of discussion, not where 





14 For an example of this in a college course sec: G. G. Simpson, C. S. Pittendrigh and 
L. H. Tiffany, Life: 4n Introduction to Biology, Harcourt, Brace, N. Y., 1957. 

11 See, for example, W. Edzar Martin, The Major Principles of the Biological Sciences of 
Importance for General Education, U.S. Office of Education Curcular 303, Washington, D. €, 
May 1918, “A Chronolomeal Survey of Research Studies on. Prnaples as Objectives," Science 
Education, 29, 45, Feb. 1915, and 7A Determination of the Principles of the Biological Sa 
ences of Inportance for General Education," Science. Education, 29, 152, April-May 1945. 
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the discussion is to lead "The concept is a major idea to be built-an answer 
which gives direction to the development of the topic. 


Problems as a frame of reference 


When teachers first tried to frame their courses in terms of children's 
interests, course structure was stated in terms of problems, real or contrived. 
Such courses were often built on the assumption that the problems which 
would arise in the classroom were the formal, academic problems to which 
biology had an answer. They were such problems as: 


How do living things reproduce? 

How do living things fight disease? 

How do green plants make food? 

How do living things depend upon each other? 


‘These, however, are not children's problems, but principles or concepts 
pressed (even distorted) into question form. They are artificial and permit 
the teacher to present the former "principles course" under the guise of in- 
volving pupil interests and questions No one, except possibly the teacher, 
was fooled by this formulation of pscudo-questions, 

‘This was not at all what curriculum makers meant by a course devoted 
to children's problems, But we are all familiar with the way courses are re- 
vised too often and too hurriedly. Sometimes, and this is sadly true, it is 
mainly the sentence structure within the course plan which is modified. 

But there are real obvious problems of living. When these are recognized, 
the course content and format may undergo considerable alteration. Consider 
a course to be built around these “problems”: 

Why do we behave as we do? 

What kind of food is needed for the best growth? 

How can «e grow the best food? 

Why are we unlike our parents if we inherit our traits from them? 

Is there a "superior race"? 


Can a person's intelligence be changed? 
Is insanity inherited? 


"These are the real questions children, and adults too, ask, In terms of care 
fully structured scientific concepts, these are “untidy” questions. But their 
answers involve much knowledge and many diverse concepts in new inter- 
relationships. Very likely the information (subject matter) required to reach 
acceptable answers to these questions will differ considerably from that in- 
volved within the frames of reference Previously described. the search for 
answers may not follow the academic structure of biolopy, or any other 
sciences eet then few of life's real problems ft with the soucnire solentist 
rollen. in organizing their results. If they did fit, they would not be 
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What might you do under the question, "Can a person's intelligence be 
changed?" Probably you would include concepts dealing with evolution, 
heredity, behavior, and certain aspects of body physiology (hormones). This 
is not as “neat” as a formal structure based essentially on conceptual schemes. 
Yet, for an answer, considerable information must be learned; more impor- 
tant, it must be evaluated and structured by the student for his own answer 
to the question, since there is no definite answer, Different pupils may end 
with answers different in both degree and hind. This is proper so long as 
each is based on adequate information and cogent reasoning, always with 
the understanding that not all the evidence is yet in. 


Needs and interests as a frame of reference 


Yet another frame of reference results from a course built around mutual 
planning by student and teacher, The course will almost certainly have some 
of the “personal” problems noted above. 

But in addition to such important questions as “Is there a ‘superior race?" 
and “Why do we behave as we do?” there will also arise in the course such 
special topics of personal interest as: 





Understanding the meaning of 1.Q. 
Vocational testing. 

The breeding of tropical fish. 

Building a nature trail. 

Hunting fossils. 

Desert plants and animals. 

The sea and its inhabitants. 

Diseases in farm plants (corn, oats, apples). 
Heredity in cats. 

Races of man. 


"The approach to such a course was described in Chapter 4; it is the teach- 
ing method of Mr. P. If you are interested in determining whether this frame 
of reference can be useful to you and to your particular group of pupils, 
perhaps you will want to refer to Chapters 4 and 5.18 





Objectives as a frame of reference 


Finally, it is clear that the objectives which are acceptable to the teacher 
will condition not only the structure of the course, but the content, and cer- 
tainly the way the course is taught. 


y, v Sgae Robert J. Havighurst, Developmental Tasks and Education, Longmans, Green, 
N. Y. 1950. 3 i 


Educational Policies Commission, Education for AH American Youth, Nati i 

Association, Washington, D. C.. 19H. Eras ancien 
Amencan Council of Sdence Teachers, National! Committee on Science Teaching, Science 

Teaching for Better Living, National Education Association, Washington, D, C, 1912, 
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For instance, if his primary objective is to prepare students for college, 
the teacher may choose to give a course which is patterned after a standard 
college course (see Table 12-1). This course with have the earmarks, in many 
instances, of a fusion of zoology, botany, and physiology. A college text may 
even be used, E 

The students will then be prepared for a college course in the subject, 
but only in the sense that it will be determined: 


1. Whether they can memorize material in a context unrelated to their 
lives. ` 

2. Whether they can master a college text before they are in college. (T. his 
would be, some would hold, a fair indication of whether they later might “pass” 
the course in college.) 

3. Whether they can learn well from the Jecture approach, for such “col 
lege preparatory” courses are usually presented by lectures. 


‘The teacher will have ignored what is known about preparation for col- 
lege as found in a significant study.!* He will also have ignored the thoughtful 
observations and advice in the Harvard Report * and other similar college 
statements. Essentially these studies and reports stress the point that the best 
preparation for college consists not in the details of the subject matter or the 
form of course organization, but in the experience a student gets i 





Communicating effectively. 
Thinking with relevance. 
Acquiring efficient habits of study. 
Learning to work with others. 
Discriminating between values. 


Earlier we mentioned our preference for objectives in behavioral form: 
What is the boy or girl able to do as a result of the course and learning? If 
high school is to be the place where general education rather than special edu- 
cation is the goal, then we secl our aims in the test o£ efficiency. As Fitzpatrick 
put it: * “The test of efficiency is whether a given fact, concept, shill, or atti- 
tude will contribute to the development of more intelligent behavior.” 

Fortunately the biology teacher has at his command a study on behavioral 
objectives which should be of value. If a teacher plans his year’s work, his 











32 Adventure in. American Education, 5 vols , Hatper, N. Y , 1942 43, especially Vol. 4. 
Following are the volume titles ji a 
Y W. M^ Ailan, The Story of the Eight-Year Study, 1942, 


2. H. H Giles, $ P McCutchen, and A. N. Zeciuel, Exploring the Curriculum, 1942 
3 ER Smutn and R Ma Tyler, Recording and Apbrating Student Progress i942. 
ma = 2 

ea Cotteger taimbetlin, B. 5. Chamber, N E, Drought, and W. E Scott, Did They Succeed 

5. Thirty Schoats Tell Their Story, 1913, 

29 General Education pn a Free Society, Harvard U. Press, Cambrid, 

A . Pres, e, 1945 

xs "gal PUPA, Nafionol Association of Secondary School Principals Bulletin, 37, 51. 


22 Will 
Sage Foundation N y gga oa Goats of General Education in High School, Russell 
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units (Chapter 17), and his daily work along the line of behavioral objectives, 
he will have, at the end of his first year’s work in developing a pattern of his 
own, a practical beginning statement of objectives. 

And, of course, biology is fun as well, “great fun,” as some of the pupils 
say—especially when biology deals with living things, and with the most im- 
portant living things in the classroom: themselves. 


Special considerations in teaching biology 


The flavor of the course 


No matter what the pattern or the Lind of course adopted, the course in 
biology has its special flavor, and its special problems. 

Biology is essentially a study of living things and things that have once 
been alive. It is "living things" which give biology its special flavor and in- 
terest. It is "living things" which also present the biology teacher with his 
problems, for the maintenance of living things requires time and carc. If the 
€ourse encourages the young people in his class to tale part in studying their 
own biology, the course not only concerns itself with a study of living things, 
but is alive as well-alise with the interests of young people in life and living. 
For instance, note the hinds of activities in the laboratory, in the field, and in 
the classroom which give flavor and fun to the search for meaning within a 
course in biology.** 

Study of protozoa under the microscope. 

Laboratory study of cells and tissues. 

An experiment in blood typing. 

A field trip to collect plants and animals for a terrarium. 

Experiments in the chemistry of digestion. 

A study of fossils (field trip and laboratory). 

Experiments in photosynthesis. 

Reproduction of plants and animals as studied through breeding of rats, 
culturing protozoa, growing yeast, discussion of human reproduction. 

Analysis of soil. 

Dissection of the frog and che rat. 

Examination of one’s own physiology. 


The place of the laboratory in biology 


This section will be brief. The laboratory in biology, aside from the special 
problems which characterize biology, is a science laboratory. As we have indi- 





23 See Section V, Tools for the Science Teacher, at the end of this volume, especially the 
sections dealing with Laboratory procedure, the woriboot, ihe texibool, and she feld 
tmp. More than a thowand other actnities are gen in the acompsmung solume by 
£, Morholt. P. Brandwein, and 4 Joseph, £ Sourcebook for fhe Biological Sciences, Rar- 
court, Brace, N. Y., 1938. 
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cated in Chapters 1 and 2, the laboratory is a place for experience in search 
of meanmg However, we do take special cognizance of a study of the place of 
the laboratory in teaching (Chapter 13) and in Section V, Tools for the Science 
Teacher, where we discuss procedures in the laboratory. 


Terminology 


Of all the sciences, biology is the one that is most readily loaded up with 
an enormous number of new terms, both English and Latin. To many children 
this vocabulary load is overwhelming; they cannot see the forest (sylva) for the 
trees (acer, pinus, quercus, ulmus). The question of how much specialized 
vocabulary to use is always with us, A reasonable answer seems to be: what 
is needed for the purposes, and no more. Biology students should know that a 
specialized terminology based on Latin is used world-wide for the precise 
identification of plants and animals. Yet for most of them a frog is a frog, 
perhaps a green frog or a leopard frog. Nicer distinctions are not likely to be 
necessary, In botany one can discuss a mountain laurel without terming it 2 
Kalmia latifolia We prefer that children be acquainted with the real material 
and able to identify it with an English name in common usage, rather than 
that they know many technical terms, and are unable to identify the living 
material. 1f and when fine distinctions become necessary, the precise technical 
terms will be sought and remembered. At that time, the meaning of the Latin 
and Greek terms should be made clear; “latifolia” means “wide leaved.” The 
same approach would apply to the complex internal structure of botanical and 
zoological specimens, 

Generally a special name for a material or part should be introduced after 
the children see it and want a name that is better than "that thing.” 


“Controversial” topics 


Problems with human significance can be ignored, especially in a rigidly 
scheduled, teacher dominated classroom. They are most easily ignored in a 
course based on systematic biology; they cannot be ignored, at least without 
a twinge of conscience, in the “needs centered” course. We wonder, too, whether 
any teacher may ignore, in good conscience, problems which arise out of the 
basic characteristics of the material he teaches. By way of example, consider 
these two teaching problems that arise naturally from studies of reproduction 
and evolution: 


1. Shall we, in teaching 


1 reproduction, deal with the topic of human repro- 
duction? 


2 Shall we, in teaching evolution, deal with the topic of race? Of religion 
and its so-called “conflict with science"? 


Ate these problems within the purvi i 
purview of the biology course? We believe 
they are. And there are others. How shall we teach nutrition to children in low 
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income groups? How shall we consider the questions: is intelligence inherited? 
of what significance is skin color? what are the effects of environment on 
physical characteristics and on performance? The answers in the classroom will 
depend upon the teacher's training, personality, and methods; the nature of 
the curriculum, and of the student body; the character of the administration, 
and of the community. 

Let us explore the significance of only one of these factors: teaching 
method. Where the lecture method is used almost exclusively, it is fairly easy 
to ignore these problems, or in dealing with them to sidestep controversial 
aspects. The teacher has assumed complete control for what is taken up and 
what is omitted in class. He can readily avoid "taking a stand" on almost any 
topic. The megaspores of the gymnosperms is a “good, safe” topic and des- 
perately dull to children, but they have to take what is given, for the teacher 
gives the grades. 

Where the discussion method is used and student participation is honestly 
encouraged, real problems arise in class. If a student asks a question, he has a 
right to an answer, but this need not be from the teacher. It may be sought 
through discussion, investigation, or reading. The teacher need not “take a 
position” at all. Here we have a clue to techniques useful in dealing with 
troublesome problems, When a student asks, for example: 


Are there “superior races"? 
Can intelligence be changed? 
How do humans reproduce? 


the question can be thrown back to the class in this manner: “Do you want to 
discuss this question in class, or do you want to investigate it by reading?" If 
the decision is for reading, then you must have at hand discriminating read- 
ing by various authors presenting different “sides” of the matter. 

Suppose, however, that the decision is for discussion, and the topic is 
human reproduction. Perhaps after dissecting a frog and dealing with the 
reproduction of the frog, a student inquires whether human reproduction is 
like frog reproduction. (Whether they ask or not, many are probably curious 
about this question. If they ash, it indicates excellent rapport with the teacher.) 
Have you tried ashing the pupils if they would like to deliver a baby pig, for 
“after all, it’s very much like us"? We have found students eager ta do this. 

We get a pregnant pig uterus from a local abattoir or a supply house (see 
the directory of supply houses in Section V). Every four students get a piglet 
to “deliver.” They dissect out the embryo, note the umbilical attachment to 
the placenta, the amnionic fluid, and other features.” At hand for ready refer- 
ence are three or four books and perhaps a film on the reproduction of the 
Pig, to be consulted for further details. As a question on human reproduction 
is almost certain in a biology class, the teacher can be forearmed. After the first 


24 For description of techniques, see the companion volume by Morholt, Brandwein, 
Joseph, A Sourcebook for the Biological Sciences 7 pov uem 
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year, other classes will anticipate the opportunity of learning about what reall) 
interests them, D 

Other questions that will arise are like these: How similar is this embryo 
to the homan? I5 the human embryo attached somewhat like this? How does 
the growing fetus get its food and oxygen? How many sperms are needed to 
fertilize an egg? There is a “natural” reticence, developed by social condition- 
ing, not to refer to coitus in the human, but to frame the basic questions in 
terms of the pig. As the two are so similar (in this respect, at least), transfer 
from one to the other is easy and reasonably accurate, 

Another useful variation in teaching technique may also be used with 
topics of this type. Sometimes it is well to deviate from the position that the 
teacher is not to answer questions directly, but to throw them back to the class. 
Because some of the questions about reproduction may be embarrassing, be: 
cause taboos have been set up, because students may feel uncomfortable in 
publicly inquiring about human. reproduction and adult sex life, the teacher, 


where advisable, might want to give specific answers to (lecture) questions such 
as these, which have actually been ashed: 


Q. Can a man produce sperm indefinitely? Can a woman have children 
indefinitely? 

A. Generally speaking, most women lose the ability to have children 
around the ages of 45 to 55, alter their menopause, Similarly, most men lose 
the ability to produce active sperm a little later in life, probably between 55 
and 60 A specific answer is difficult because the evidence is not adequate. 

‘This procedure gives students confidence; they ask an honest question and 
get an honest answer, They see that “difficult” questions will not be ignored, 
even if the teacher must yield on a cherished teaching practice. Such mutual 
respect often leads to other very personal questions being asked, and answered, 
1n private, 

Nothing is gained and much is lost i "controversial" questions are avoided. 


The pupil's respect for the teacher and for teachers in general is undermined. 


He comes to feel that school is a place in which only certain topics are dis- 
cussed, Usually it is not the “facts” under consideration that are “controversial”; 


these are generally well established. It is the interpretation of the facts for per- 


sonal behavior which may be controversial, If the child comes to a place where 
he is obliged to make a decision, he 


will do it on the basis of the information 
and attitudes he has, irrespective of how adequate they are or where he acquired 
them. Surely, it is wiser to provide children with accurate information and then 
assist in developing the alternate lines of action and their consequences, than 
to leave them in ignorance. Always, however, care must be taken to maintain 
the teacher’s creed. respect for the individual and the truth, with humility ** 











2 : 
david Co such topics are anticipated, mutuat confidence and respect can be fostered by 
alerted and brefed on a aO u Peisory oficer to the discusion Parents tuo cua b 
shock of frank, fed on a pending topic so that they can cooperate at home. At least the 
Des and the distortions of pupils’ abrupt commients con be mained 
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What can the teacher do when questions arise about the so-called “conflict 
between science and religion"? The apparent conflict is of course between 
varied interpretations of the facts within individuals rather than the facts 
themselves. Generally this will turn around a discussion of evolution. For many 
children this term has a limited meaning implanted by adults: "men came 
from monkeys.” This is a gross distortion of the scientific meaning of the term 
and the grand concept it represents. Yet this is what many students bring to 
the classroom; their concept is meager, but they associate it with the verbal tag, 
evolution. 

Much is gained by encouraging students to speak out in objection to "evo- 
lution” and then patiently drawing from them the statement that the principle 
of evolution is what biologists have developed as an explanation of the facts at 
hand. Then they can be asked: Would they want to be ignorant of what is 
“known,” whether they agree with it or not? The fossil and anatomical evi- 
dence for successive changes of the plants and animals through geologic time, 
with more complex forms appearing later, is so overwhelming that all one 
needs is to have the students examine the facts; then they can draw their own 
conclusions. 

One biology teacher whom we know taught in Tennessee shortly after the 
Scopes trial. The students defied him to teach "evolution"; of course, he 
"wouldn't do that, and anyway it was against the law." However, he soon had 
the pupils bringing in fossils from the limestone caves nearby, and they told 
him that the plants and animals must have changed with time. At the end, he 
could make the point that this general interpretation, rather than the idea of 
“men from monkeys” which they had rejected with strong emotional fervor, 
was what was meant by the label “evolution.” 

Ultimately the handling of controversial issues depends on the mien, 
manner, and ministration of the teacher. If he is calm, considerate, honest, 
good-humored, civilized, and ready to admit error, if he is permissive and not 
threatening, children will feel free to state their position, against all other 
comers in the class, 

In the light of our discussion of the nature of “controversial” topics in bi- 
ology, it is worth considering whether such a course can be given ín the ninth 
grade, Are the students mature enough? Have they had sufficient experience 
with the intent and content of science? Have they had sufficient experience with 
the techniques the scientist uses to test his preconceptions? 


An excursion 
into developing one's own course 
in biology 


12-1, Aside from your personal skills and wisdom gleaned from experience, 


aside from the notions gleaned from the references suggested in this chapter, 
aside from the ideas you have accepted as valid in your reading of the chapters 
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preceding this, you will probably want further help. It is readily available: 

() Syllabuses and courses of study developed by other teachers, commit 
tees of teachers, or the professional stafls of the Curriculum Director's office. 
Usually these are quite detailed, for some a modest charge is necessary. We 
have at hand some 120 such outlines and courses of study which have been 
exceedingly uscful in developing our own courses The state departments and 
cates listed here are some of the many throughout the country that have de 
veloped materials useful as guides to the development of your own “course 
invention.” Certainly in developing your own course you need not start as if 
no other work had been done previously. 


1. First be certain to write to the State Departments (state capitals) 
of selected states; address the Director of Secondary Instruction, or the 
Supervisor of Science. Each state has either materials directed at the 
secondary school (with some mention at least of the curricular direction 
im biology) or a special publication in science, with detailed reference to 
biology, or a biology course of study. 3 

2. Useful materials can be obtained from the Director of Instruction 
or the Curricular Division of many cities; the following is a partial list: 
Atlanta, Baltimore, Boston, Buffalo, Chicago, Cincinnati, Detroit, Hart 
ford, Indianapolis, Los Angeles, Miami, Minneapolis, Newarl, New 
Orleans, New York, Oklahoma City, Philadelphia, Portland (Ore), 
Raleigh, St. Louis, San Diego, San Francisco, Seattle, and Wilmington 
(Del). 

3. The aim of the professional science teacher should be to gather 
personally or through his Department an extensive library of recent courses 
of study. These will Necessarily be renewed continually. Among the sources 
from which you can learn of new curricular publications are: 

Association for Supervision and Curriculum Development, National 
Education Association, 1201 16th St, N.W., Washington 6, D. C., issues, 
usually at three-year intervals, List of Outstanding Curricular Materials. 

Educational Index, under subject area, lists some recent courses of 
study. 


School Life of the U, S. Office of Education occasionally lists new cur- 
ricular materials and courses of study, 

The National Science Teachers Association, 1201 16th St, N.W., 
Washington 6, D. C » has some lists of curricular materials in science. 


(b) Patterns of course structure, Patterns of content, and even objectives 
may be elicited from a study of text 


books, old and new. Certainly authors of 
modern textbooks make careful curriculum studies before they develop their 
texts. 


Tn addition, most textbooks now have an accom 
laboratory manuals, workbooks, 
certainly is a valuable aid to a te: 
manuals and workbooks are us 


‘panying program of tests, 
and teacher's manual. The teacher’s manual 
acher's developing his own course; laboratory 
eful as sources of activities. Surely, a biology 
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teacher or the staff library should have many of the available biology texts. 
(c) In addition, these references may prove useful: 


Morholt, Brandwein, and Joseph, Teaching High School Science: A 
Sourcebook for the Biological Sciences, Harcourt, Brace, N. Y., 1958, contains 
a lengthy bibliography including biology textbooks, lists of films and film- 
strips, descriptions of classroom and laboratory facilities, and descriptions of 
some thousand or more activities in biology. 

R. Will Burnett, Teaching Science in the Secondary Schools, Rinehart, 
N. Y., 1957, see especially the section on the teaching of the topic "Race," 
pp. 271.92. 


(d) Finally, you will wish to write to certain individuals and offices for 
assistance. Among these would be: 


U. S. Department of Agriculture 

U. S. Department of Health, Education and Welfare 

State Departments of Agriculture and of Health 

State Experimental Stations of Agriculture, Forestry, Fish Hatcheries 
Hospitals and medical laboratories 

Manufacturers of pharmaceuticals, processed foods, etc. 

Universities, both public and private 

Colleges in your vicinity 


12-2. You may find it useful to examine the course outline in biology of fie 
schools (preferably of schools near you). How would you classify each of them? 
Do they fit into the patterns described under the heading, Patterns of Present 
Courses? 


12-3. Observe biology classes of comparable pupils in schools using quite 
different ty pes of course orgamzation. In which do the children undertake the 
Tost self-initiated study? How do these pupils perform on standard exami- 
nations? Are different types of course organization used for children of dif- 
ferent abilities? In which type of course does the teacher seem most relaxed 
and happy? What variety of materials, resources, and experiences are used 
with each type of course design? 


12-4. How do the experienced biology teachers you know treat “controversial” 
topics? Do those who commonly lecture deal with such topics? Specifically, 
inquire about evolution, human reproduction, and vivisection. 


12-5, Have you noticed the variations in various high school biology text- 
books’ treatment of the same topic? You might want to compare them, for 
instance, on the basis of technical vocabulary. Can any technical terms be 
replaced with more commonplace (nontechnical) words? Should this be done? 
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CHAPTER 13 


Inventions in science courses: 


The course in chemistry 


A note at the beginning: * tt 1s still true, of course, that college entrance require 
ments exert a strong influence on the high school course in spite 
of the fact that only 20 per cent of our high school graduates enter 
college? It is also true, however, that many colleges are accepting 
modified chemistry courses as an entrance requirement in lieu o! 
the more usual college preparatory chemistry course, As a result, 


more and more boys and girls are enrolling in applied chemistry 
courses 


Note the term “apphed chemistry course.” Applied 
to what? Isn't the "college entrance" course in chemistry 
"applied" to some purpose? Or are these terms "college 
entrance chemistry" and "applied chemistry" meaningless? 

For over a century chemistry has been taught in the 
secondary schools of this country, At present about half a 
million pupils, most in the eleventh grade, are enrolled in 
chemistry each year, Evidently the present courses are suc 
cessful, or not too unsuccessful; otherwise the enrollment 
would not be this high Yet chemistry in public schools 
enrolled in 1956 only 34.6% of the children in the eleventh 
Brade* As science teachers we are acutely aware of the im- 
portance of chemistry. Certainly we can see that chemistry 
should be significant to a Greater fraction of the students 
than now elect it. What factors act to depress the enrollment? 
How did the courses now being offered come into exist- 
ence? How might they be changed to be more attractive 
to the science shy, the average, and the science prone? 


"fgotauon from Bernard. Jaffe, "Trends in High School Chemistry,” Natronal Associa- 
non of fecondary-Schoo! Prineipats Bulletin, Jan. 1933, pp. 61-75, 
SR Petcentage bas been rising and 1 now closes 10 20 


Brown, Offerings and Enrollments hemat bhe High 
Schools, U $ Ohe QUEERS an ments ın Science and Mathematics m Public Higi 


aa Pamphlet No 120, U. $ Government Printing Office, Wash- 
eaen Die Cu 1957. For a fuller discussion of trends in enrolla an high school science 
fa Science, CUT Chapter 12, The Course m Biology, and Chapter 21, Supply and Demand 
i 
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Development of the course in chemistry* 


Chemistry in American high schools shows, like biology and physics, the 
strong impact of early collegiate domination. In the earliest American sec- 
ondary school, the Latin grammar school, no science whatever was taught. 
This first school was intended to prepare students to read Latin and prefer- 
ably Greek also in preparation for college. Colleges then were a far cry from 
those of the present; their major concern was the preparation of young men 
for the ministry. 

Later the academies, like that founded in 1750 by Benjamin Franklin, 
presented a more varied and practical course of study including some science. 
But there was still no chemistry until the beginning of the nineteenth century. 
Then, when the establishment of the public high school had begun, and after 
Lavoisier and Priestley had furnished chemistry with its first important con- 
cepts and procedures, chemistry gradually appeared in the American high 
school. For the most part this earliest chemistry, like botany and zoology, was 
taught catechistically as a series of teacher-questions and student-answers en- 
livened with dramatic demonstrations: the volcano, and assorted odors. In the 
early 1800's chemistry was considered (for some reason) a science most fit for 
young ladies, and many of the “female academies” advertised “a good chemical 
apparatus.” Others foresaw the industrial and agricultural importance of chem- 
istry and urged its teaching as a means of avoiding the necessity of importing 
chemicals from Europe. But generally there was no central purpose to the new 
course either in the colleges or in the high schools. 

During and after the Civil War chemistry became more popular, and 
laboratory work for both boys and girls was stressed. Jn part, this stemmed 
from the wide acceptance of Froebel’s emphasis upon work with the hands as 
a form of creative expression, and in part, from the success of the chemical 
theory of Avogadro as clarified by Cannizzaro in 1859. Now there was some- 
thing to teach and a way of going about teaching it. Seemingly with more 
enthusiasm than wisdom, the “discovery method,” or heuristic approach, was 
hailed as the key to all science teaching. By learning how to discover in science, 
students would be able not only to observe better, but to do better. In chem- 
istry, as in the other sciences, laboratory work was the panacea, and unattain- 
able objectives were propounded. 

In keeping with the spirit of the times, Harvard. College in 1886 added 
"laboratory chemistry" to the courses on its admissions list for students seeking 
advanced standing. To provide guidance to schools offering such a course, Pro- 
fessor Josish Cooke of Hanard prepared a list of 83 experiments, later reduced 

to 60, in qualitative and quantitative chemistry. Students were expected to 
perform most of these in school and were individually tested in the laboratory 





4This section is based in part on: S. Rosen, “The Rise of High School Chemistry in 
America (to 1920),” Journal of Chemical Education, 37, 627, 1957, and "A History of Science 
Teaching mm the American Public High Schools, 1820-1920," unpublished PLD. thesis, Har- 
vard U., Cambridge, 1933. 

$See Chapters 12 and 14. 
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when they came to Cambridge to apply for admission to the college. "This list 
of experiments was soon known as “The Pamphlet” and went through several 
revisions as the resutt of criticisms and school experience. 

Cooke's “Pamphlet” focused attention on the purpose of chemistry in the 
schools. Many hailed st, texts were soon written to conform to the plan, Others, 
however, bitterly complained that it was too difficult, too quantitative, too 
deficient in descriptive and qualitative chemistry, too mathematical, and too 
theoretical Actually, this course was too advanced and abstract for many of 
the pupils. A few, but far from all, other colleges followed Harvard in accept- 
ing a course of this type for advanced standing. 

In the Report of the Committee of Ten on the Reorganization of Sec- 
ondary School Studies in. 1891, the recommendation was that chemistry be 
accepted for admission to all colleges. This recommendation was not rapidly 
accepted; relatively few colleges would accept chemistry as a course for admis- 
sion until some years later. Harvard in 1900, Yale in 1911. 

In 1902 Alexander Smith found that chemístry courses fell into three 
major types: 

Y, The discovery or heuristic, with strong emphasis upon laboratory work. 

2. The theoretical, which dealt with the gas laws, atomic theory, and 
Avogadro's hypothesis. 

3. The historic systematic, which dealt with oxygen, hydrogen, water, etc. 

Although collegiate emphasis was upon the second form, the prevailing 
form practiced in secondary schools was the third. Ten years later, in 1912, 
textbooks were found ? to be organized around water, air, salt, and the periodic 
table. 

Throughout this period the schism between schools and colleges had been 
developing. Two major factors were working. First, the rapid expansion of 
secondary schools had produced a quantitative demand for teachers far in 
excess of the number of able new teachers available; as a result many classroom 
teachers were themselves unable to handle effectively the details recommended 
by the colleges. Second, and perhaps more important, was the expansion and 
change in the student body within the schools. Teachers reatized that they 
were expected, under compulsory education laws and general public enthusi- 
asm, to educate all American boys and girls. With a heterogeneous student 
body having diverse interests and abilities, the rigid high school chemistry 
course proposed by Cooke was no longer suitable; for many of these boys and 
girls were not certain of completing high school, or were not necessarily going 
to any college, or found the chemistry course too difficult or uninteresting, or 


ere not mentally equipped to master the many principles, facts, and quanti- 
tative aspects of the existing course. 





In retrospect the initial college domination appears to have had consider- 


f American Book, N, Y. 1894. 


* Alexander Smith and E. H. Hall, TA. ir 
ondary School, Longmans, Green, N T1008, pi. a a a aa ape se 


SS Rosen, 4 History of Saence Teaching. . . , 
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able value. Chemistry was moved into a position of academic respectability. 
New, if unrealistic, standards of performance and teacher competence were 
defined. Yet, as the high schools passed from college preparatory to common 
schools, changes were difficult and the definition of a new center of concern— 
a basis for more effective courses—was not sharply defined or made operative. 
The struggle to reorient chemistry has been a long evolutionary one. It con- 
tinues, with vestiges of almost every earlier course plan still in use. 

Numerous attempts have been made to reorient and redesign the course 
in chemistry. One has been to use the basic ideas of the college-preparatory 
course as a frame with changes in sequence and emphasis. The knowledge of 
elements, compounds and mixtures, physical and chemical changes, water and 
solutions, acíds, bases, and salts, as well as some typical fundamental chemi- 
cal reactions, was used as the basis upon which other optional topics were 
developed. 

Another attempt was to explore the ways in which the materials of chem- 
istry could be used to further general education, the content which would be 
most appropriate, and the methods which would be most feasible. In 1947 the 
Committee for the Study of Science Education commented: * 


The secondary school course has usefulness for the purposes of general edu- 
ation. . . . Accordingly, chemustry teaching should clarify the relation of chem- 
istry to health, to vocational pursuits, and to the other aspects of living to which 
the subject matter of chemistry relates and to which it can contribute under- 
standing. 


Not only the purposes and methods, but also the organization of chemistry 
courses have come under scrutiny. We quote again from Jaffe: 1 


Organization of topics in a chemistry course has also undergone some modi- 
fication, The popularity of textbooks which divided the course into tight units is 
waning. The effect of this artifiaal grouping of chemical knowledge resulted in 
mental indigestion for the pupil and in a strait jacket for the inexperienced or 
beginning teacher. .. . The {tight} unit treatment seemed logical enough but 
created difficult learning situations. Today, the trend in organization of subject 
matter follows the psychological order. Difficult concepts and hurdles are carefully 
interspersed throughout the course so that understanding is not permitted to tail- 
spin or interest to fall too sharply. 





Patterns of present courses in chemistry 


The college-preparatory course 


How well does success in the college-preparatory course in the high school 
enable us to predict future success in college chemistry? The answer is * ery 
poorly.” About all we can say is that a student who has difficulty with high 


? National Sonet for the Study of Education, Forty-Sixth Yearbook, Part I, Science 
Education in American Schools, U. ot Chicago Press, Chicago, 1947, p. 199. 
1 B. Jaie, op. eit, p. 71. 
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TABLE 13-1. College-preparatory courses jn chemistry * 2 


High school (West) 


High schoo! (East) 





History of chemstry 

Oxygen 

Hydrogen 

Mome theory 

Tormulas and equations 

Sodium 

sodium compounds 

Chlorine 

Problems (Avogadro's hypothesis) 
Sulfur. 

Ionization 

Reacnonsieversible and monreversible 
Nitrogen 

Hatogens 

Carbon 

Calcium and its compounds 

Metals 

Important mineral substances 

Activity of metals, electrochemical series 
Compounds of carbon 


Introduction 

Solutions and water 

Oxygen and hydrogen 

Atonpe structure 

Chemical nomenclature, formulas, equations, 
and problems i 

Periodic table, metals, nonmetals, and inert 
elements 

‘The halogens and their compounds 

Sodium and calcium compounds 

Jonization. 

Sulfur and it compounds 

Nitrogen and its compounds 

Carbon and 1s oudes 

Nuclear energy 

Orgamie chemsstry 

Metallurgy 

Prinuples of reachon 


LL M————————————————— 


High school (Midwest) 


College text 


SS 


Oxygen 

Hydrogen 

Water 

“The structure of water 
Formulas and equations 
Chemical catcutations 
Acids, bases, and salts 

‘The halogens 

Sodium, potassium, and compounds 
Sulfur. 

Nitrogen [Fhe atmosphere) 
Carbon and compounds 
Fuels 

Calum and its compounds 
Metals 

Iron and steel 

Copper. zinc, tin, and lead 
Aluminum amd magnesum 
Mercury, silver, and other metals 
Colloids 

Organit chemistry 
‘Textiles. dyes, and plastics 


Foods, drugs, and cosmetics 
Nudeor chermstey 


* Note that many 


‘The background of chemistry 

Measurements and methods 

The commonest element” oxygen 

Another gaseous element” hydrogen 

The nature ol gases 

Concerning atoms and molecules 

The two compounds of hydrogen and oxygen 

‘The atmosphere and its constituents 

‘The particles atoms are made of 

The structure of atoms 

‘The formation of compounds 

The release ot energy 

The nature of the solid state 

Solutions, their nature, properues, and lass 

Some important complex 10ns 

Reactions depending on the mobility of elec- 
trons and of protons 

Speed and balance in chemycal reactions 

‘The extremes of the periodic system 

Chemicals from salt and sea water 

Sulipr: base f modera industcy 

Phosphorus and fertslizers 

Metallurgy. iron and aluminum 

Magneuom and calcium; hard watet 

Carbon and silicon, glass and ceramics 

A bit about organic chemistry 

‘The rest of the periodic system. 


Re or can], q'js eourses do not follow thus pattern, nor do all the college textbooks, 


cusco, 1953 


ı L Pauling, General Chemtstry, 2nd ed, W H. Tieeman & Co, San Fran- 


a se 


school chemistry will have little chance of success im the college course. Even 
outstanding success in secondary school chemistry is no guarantee of collegiate 
success. The theory studied in high school is necessarily elementary; that in 
college is considerably deeper. The college course also begins to stress mathe- 
matical treatment, which may overwhelm the student who needed Jittle more 
than a good memory and simple arithmetic for success in the high school course. 

Despite all the reports and studies, the present high school college-prepara- 
tory course is markedly similar to that of the 1920s? One need only compare 
the chemistry syllabuses of New York State, which have influenced those of many 
other states, in the 1920's with the revisions of 1938 and 1956 to note how much 
of the fundamental framework remains intact. The syllabuses have been ex- 
panded (rather than revised) through the inclusion of recent developments 
which require greater time and attention than did the few materials deleted. 
Teachers’ complaints are frequently heard; increasingly their courses become 
à race against the clock, and lectures must be used to “cover” the material. 

Table 13-1 shows three typical college-preparatory syllabuses and the out- 
line of a widely used college text. Compare them for details and organization. 
Also, if practical, compare them with similar syllabuses from twenty or thirty 
years ago. 


The principles course 


While chemistry and all other sciences abound with principles, it does not 
follow that a chemistry course is necessarily a “principles course." This will 
depend largely on the content selected and the methodology used to teach it. 
While newer statements of aims and objectives are putting more emphasis on 
principles, too often in chemistry the prinaples are taught as isolated items 
not applied or developed through further work (eg., the laws of definite and 
multiple proportion). Also, the interrelation among principles frequently is not 
established (e.g., the principle “reactions go to completion" is not applied in 
the study of industrial processes and the use of catalysts). Usually principles 
seem to be derived from the topicall organized course illustrated in Table 13-1. 


A different course in chemistry 


As in other areas in science, there is a cutting edge, a point at which ad- 
vanced thinking about the course of study, as well as experimentation, is taling 
place in the teaching of chemistry. 


31 For various statements scc the following in the Journal of Chemical Education: “Re- 
port of the New England Assn. of Chemistry ‘Teachers’ Committee on College Entrance 
Examinations," 16, 46, 1939. 

“The Chemistry Examination of the CEEB," John T. Tate, 17, 445. 1940, and 1$, 411. 
191. 

ŽA Minimum Syllabus for a Colleze-Preparatory Course in Chemistry," John C. Hogs, 
27, 46, 1950, and MO M. Whitten, 3f, $07. 1957. uy a 
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TABLE 13-2 Proposed course outline for high school chemistry based 
en chemical bonds as the central theme * 


1 Introduction 
A Meine sstem 


1E Flements and Atoms 
A Taws of chemical combination 
B Mom weights amt stmbots 
G Atome structure 


I Ffectrons 

S. Electronie forces coulombic, 
exchange 

3 Atomic numbers protons and 
neutrons 


4, Periodic table 


III. Chemical Bonds-Discontinuity of 
Chemical Change 
A. Bond types sonic, covalent, metallic 
B Physic! properties of subsiances 
1. Gases 
a. Gas laws 
b Kinetic molecular theory 
2. Liquids 
3. Sohds 
a. Crystals, eg, diamond, sugar, 
sodium chloride 
C Physical transformation and tem 
perature 
1. Gas to hquid 
2 Liquid to solid 
$. Relation of mass to properties. 


Sm ane eere rdi eg Riese 


1. Physical properties 
2. Substitution reactions 
a Formulas 
b. Equations 
c, Calculations 
3. Chloromethanes 


C. Oxygen, water, and carbon dioxide 
1, Combustion 
2 Chemical energy 

D Chemical geometry 


V. Chemical Change; Metallic and Tonic 

Bonds 

A. Atomic structure of metals 

7 Owdation and reduction (metali 
plus nonmetals yield fons) 

C. NaCl, MgCl, KCl, MgO 
1. Physical. properties 
2. Simple chemistry 

D, Electrolysis to produce Na, Cly, M8 
1. Man chemistry of electrolysis 


VILL Periodic Table. 


VII. Hydrogen, Chlorine, Hydrogen 


Chloride 

A Relative attraction for electrons, 
eg, stabilities of Nall, NaCl, and 
no 

B Polar covalent bonds 

C. Properties of HCI 


4 Relunon of transformations to 
bond types 

3. Classification of matter and 
physical transformations 
a. Mixtures 
b. Solutions 
«. Compounds 
d. Elements 

6, Purification procedures 

D. Discontinuitier between elements 
and compounds 


NUS. Properties of 1,0 
A. Physical properties 
B. Reaction with HCI 
C. Reaction with Na 


1X Ands and Bases 
A, Stoichiometry 
B. Titration 


X. Nitrogen and Nit, System 
A. Equilibrium 


1V. Chemical Change amd Covatent 

Chemiat Bonds 

A. Reactive systems go to unreactive 
ates 
1. Inert gases 
2. Reacuvuy and structure 

B. Methane. hydrogen, chlorine, hy- 
drogen chloride 


XL Polyatomie fons 


A. Oxidation of NHy to yield NOs 
B. Sulfuric acid 


XIL Bonds Between Like Atoms 
A Carbon chains 
B. Multiple bonds 
© Functional groupe 

* Strong and. Wibon, "Chemical Bonds 
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One such course, a very interesting one, is described here: !* 


In much that has been written in recent years concerning the effective rela- 
tionships between high school and college chemistry courses,* two comments 
recur: (1) care should be taken to avoid wasteful repetition between the two 
courses, and (2) performance in freshman college chemistry appears to be little 
influenced by whether or not the student has had high school chemistry. This 
latter statement seems to imply that the standard bigh school chemistry course is 
ineffective as a basis for more advanced work. Furthermore, it borders on a gratui- 
tous insult in the face of the fact that most college chemistry students say they 
found their original interest in chemistry during their years in high school. . . . 

At a conference sponsored by the Division of Chemical Education of the 
American Chemical Society and the Crown-Zellerbach Foundation held at Reed 
College, Portland, Oregon, in June, 1957, a group of high school and college 
teachers again discussed the integration of high school and college courses. It was 
agreed that repetiuon is a most useful aid in learning. The problem ís one of 
judgment as to the material to be included at each level. The group at Reed 
College did not arrive at an answer to this problem, but one proposal emerged 
from the discussions which offers a way to move forward. It was agreed that a 
good high school chemistry course ought co have a quality of intellectual integrity 
that can be communicated to the student, and that this could be achieved by hav- 
ing a focus toward which most of the discussion could be directed. If a course for 
high school students could be devised with a central theme less broad than the 
whole of chemistry, but induding the major paths by which a chemist proceeds in 
his dealings with chemical phenomena, then it ought to be possible to produce a 
reasoned argument for the topics to be included or excluded, the order of pres- 
entation, and the points at which individual variation might most readily be 
introduced. 

A major differentiating aspect between chemistry and other branches of 
natural philosophy 1s the concept of chemical bonds. Indeed, the making and 
breaking of these ties between atoms is chemistry. Our proposal is that “Chemical 
Bonds" is the logical central theme.t for a meaningful high school course. It is a 
theme large enough to include a great amount of descriptive chemistry and at the 
same time to serve as a guide to the items which can best be included in the course 
itself fsee Table 13 2}. 


* Sce, for example, L. B. Clapp, “Reducing Duplication in High School and Tirst- 
year College Chemistry,” J. Chem. Educ., 32, 141, 1955. 

tW. Huchel, Structural Chemistry of Inorganic Compounds, Vol. 1, Elsevier Pub- 
lishing Co., Inc., Amsterdam, 1950, p. 44. 


The applied chemistry course 


Compulsory education has brought to the high school a considerable 
number of students who are nonacademically minded. At best, the high school 
course will be terminal for these students; from their ranks come the many who 
will drop out of school before graduation. These pupils are not equipped to 
handle the more demanding features of the typical (college-preparatory) high 
school chemistry course. 

The course in applied chemistry was designed to present these students 
with a knowledge of chemistry that would achieve some of the broader objec- 





32 Laurence E, Strong and M, hent Wilson, “Chemical Bonds: A Central Theme for High 
School Chemistry,” Journal of. Chemical Education, 35, 56, 1958. 
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TABLE 13-3 A syllabus in epplied chemistry * 
First Term, 


Class a3 @ whole 


groupe 
T The work of the chem ornosar eror a 
If Nature of matter fr Fuels and combustion 
1. Metals 
TI Solution III. Alloys 
IV Water IV. Coneervation of natural 
, resources 
Y Electrical nature of matter oruosat eanes a 
VI Formulas and equation wy ing 1. Teviles 
VIL. Chemical arithmetic It Dyeing 
$ UL Cleaning 
VIL Acids, bases, and salts ornoxtt erotr e 
L Drugs 
I Cosmetics 


UA, Insecticides and repellents 
IV. Photography 


* Abblied Chemstry for High School Students, Curriculum Bulletin No. 2, Board of Edi 
ton, City of New York, 1918 49 Series, 


f 
of a semester to “basie” chemistry (from the on 
$, and mixtures to a study of acids, bases, and salts) i 
ol atomic structure or chemical shorthand are treated lightly. 
an keeping With the ili 


trial applications, such as fire and fuels, textiles, dyes and 
bleaches, household cleaning materials, materials of construction, and drugs 
An example of a syllabus of this nature is shown in Table 155. 


Nets’ reasons. So far as the student is concerned, the 
» Of what vatue to him is a knowledge of these 
€ sce a use for the knowledge? How do they re- 


i Cmistry to the Student as an individual, a member of the com- 
munity, and a mem nation, Such courses, designed to answer the 
lled “functional courses,” a typical study of 


TABLE 13-4 A course in functional chemistry (Denver) * 


ee nacca 


The introductory units (12 webs) t Y. Chemistry of the home 
A. Chemistry of cooking 
B, Chemistry of cooking utensils 
H. Importance of chemistry in modem hfe C Chemistry of tableware 
D Chemistry of fuels 
E, Chemistry of refrigeration 
F. Chemistry of sanitation 
The functional unis (20 weeks) G Medical services in the home 
IV. Chemistry of the indnideal EL. Chemistry of construction and con- 
4 The chemustry of water in the body T EUon PMET oe smdis did 
B The chemistry of food within the e Iboquen pats, h 
body A 3 
. Chemistry imohed in landscaping 
C. The interdependence of plant and J : 
animal hfe z and gardening 


D. The chemistry of glands of internal VI. Chemistry of the community and the 


1 Why study chemistry 


Til The fundamentals of chemistry 


secretion mation 

E. The chemistry of bacteria and disease A, Chemistry of water purification 

F. The chemistry of drugs and medicines B. Chemistry of the manufacture and 
G. Fhe chemistry of dorning distribution of foods 

M. The chemistry of cosmetics C Chemistry of sewage dispount 

I, Chemical hobbies D. Chemistry ot purification of air 

J. Vecauons related to chemistry E. Chemistry of industries 


* Maurice. Ahrens, Norris Bush, and Rav Easley, in Science in General Education, ed. by 
V. T. Thayer et al, Commission on Secondary School Curriculum, Progressive Education 
Association, D. Appleton Century, N. Y., 1933, pp 465-75 This outline sened as the basis 
for the text Living Chemistry. (and iss laboratory manual) published by Ginn. 

+ These three introductory units are devoted to the minimum of the fundamentals of 
chemistry needed for the functional units: matter, energy, structure of matter, formulas, 
oxygen and hydcogen (very brief), saltuons and fonteation, equations, acids, bases, salts 

$ Each of these lists of. problems i$ not considered completely in each class, and no student 
studies all the problems taken up within the class group. 


SS aaaaaaamaaaaasaamamasasasaħĖŐŮ 


which is presented in Table 134. These courses attempt to get closer to the 
student's "needs and interests.” 


The honor course 


The changing high school population focused our attention on the prob- 
tems of the nonacademically minded pupil. .\s is often typical in human rela- 
ions, the good and superior students were “taken for granted.” After all, they 
posed no obvious problems amd were hence left to themselves. But the long- 
time result has been one of neglect; their talents were left unconsidered and 
unexplored. In recent years, it has been more usual to hear the question, “What 
are we doing for our brighter students?” Many schemes in answer to this ques- 
tion have to do with newer administrative procedures in the school as a whole, 
by way of honor classes and honor schools within a school, Where numbers 
permit, as in large cities, special schools may be set up for the talented with 
admission being by examination only. For chemistry in particular, there has 








18 For bret descriptions of ocier courses of lye, see 5, Laton and $. R. Powers, New 
Directions im Science Teaching, McGraw Hut NLL 190, 
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developed the scheme of providing an advanced course for the brighter stu- 
dents. This is equivalent to first year college chemistry. (The topics and treat- 
ment are those of a freshman course; a college text is employed.) 

The pendulum seems to have come full cycle alter almost a century. The 
early Harvard proposals, which affected chemistry teaching for almost half a 
century, prescribed a course which enabled the student to enter college with 
advanced standing in chemistry. There 1s an important distinction, though. 
this course was then given to all students; today we do the same thing, but 


only with those select few who are capable of, and interested in, such an 
undertaking. 


Frames for developing a course in chemistry 


Objectives as a frame of reference 


In 1925 Powers?* summarized the objectives of high school chemistry 
teaching stated in many sources. The list was too long to be covered adequately 
within one year. Some of the objectives bowed to the “disciplinary value” of 
chemustry, while others were vague and without meaning, A committee writing 


later on this situation for the Thirty First Yearbook of the NSSE reduced this 
long list to a few broad objectives: !* 


1, Pupils in high school chemustry courses should develop better understand- 
ings of those fundamental concepts, major ideas, laws, or principles of chemistry 
that vll enable them better to mterpret natural phenomena, common applications 
of chemical principles, and industrial applications and uses of the principles of 
chemistry 

9. Pupils in high school chemistry classes should learn to use the processes of 
Teflecuse thinking, problem solving, and techniques of study that are best adapted 
to the solution of problems within the field of chemistry, especially those which 
most often present themselves in daily life, 

8. Pupils in chemistry . . . should develop those attitudes toward the facts 
and principles of chemistry and toward the methods of investigation employed m 


the field [of chemustry] that will serve as guides in their use of chemical facts and 
principles and methods of problem solving. 


.— These objectives are essentially of, by, and for chemistry, they are rooted 
in chemistry as a subject distinct from other sciences and from life in general. 


‘They look to the results of the course in chemistry as being applicable only to 
chemical situations, These objectives, stated in 1932, seem too narrow today. 


Yet an examination of textbooks and courses of study will indicate that they 
are still being used widely. 


4S R Powers, A Diagnostic Study of th 
f . e Subject Matter of High School Chemistry, 
Euri nre Huano. Ao, E Barn of ‘Publications, Teter ‘Siege, Columba. v, 
Shoo) Sence and Mathemattes: 25, 82, 1993. 7 AP Examination of Subject Mat- 
4 National Societ f Educator 


for the Si 
gram for Seine Teaching, U- of Chicago Pans Cim 


ter, 





Therty-Forst Ye E . 4 Pro- 
U. ot Chicago Press, Chicago, 1952, p. Xesrbook, Part 1, 4 Pro 
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But chemistry taught in the high school is clearly a part of general educa- 
tion, and it has significance for all. If students are asked to name something 
in the home or among their clothes, or a medicine, which the chemist has not 
improved, they will have difficulties. Clearly chemistry has relevance to our 
life and living. Just as clearly the chemistry course in intent and content could 
provide a new insight into our modern ci: tion and into the impact science 
has upon how we live and what we live with. Pertinent objectives are those 
which students see as part of their lives, which were stated in Chapter 5. Why 
are these so rarely operating in classrooms? 

Like many significant questions, this is easier asked than answered. Yet 
several separate factors are probably working. Often the teacher is not sure 
what his intent really 1s. Is he a chemist teaching? How can he resolve his 
interest in the subject area and the advice of distinguished chemists with the 
realities of the pupils in his classes? To what extent can he escape this dilemma 
by throwing the responsibility upon some examination for which he must 
“prepare” the students? Here we squarely encounter the conflict which arose 
in the early decades of the century. If we were obliged to "take a stand,” we 
would prefer a teacher who thoroughly knows his subject but whose allegiance 
is to the students. He can use his knowledge to help them learn, as we shall 
see, 











In comments upon this failure of science teachers to accept and apply the 
objectives of general education, the Harvard Report states: !* 


"The teacher 1s not always clear whether he is engaged in special or general 
education, what proportion of his effort 1s to be spent on coverage and in being 
factually up-to-date, to what degree he 1s training for manipulative skill, and so 
‘on, From the point of view of general education, we are interested in these things 
not primarily for their own sake, but as they fit into an integrated intellectual 
structure. Science instruction in general education should be characterized by 
broad smtegrative elements—the comparison of science with other modes of 
thought, the comparison and contrast of the individual sciences with each other, 
the relation of science with its own past and with general human history, and of 
science with the problems of human society. These are the areas in which science 
can make a lasting contribution to the general education of all students. Unfortu- 
nately, these areas are slighted most often in modern teaching . . . because the 
teacher is engaged ın continuous struggle to encompass the subject matter. How 
is he, then, to deal with extra things—the cnucal examination, history, literature, 
and general cultura! content of his subject? It is of course true that as extra things 
these aspects of scientific instruction should be impossible. But they are not extra 
things—they are the very stuff of science in general education, Once it is clear that 
he is engaged in general rather than special education, these arc the things which 
must be emphasized, and to an increasing degree as the student matures. . . . 
The integrative element is the student's own mode of life and his personal rela- 
tion to the immediate emironment. 








Conceptual schemes as a frame of reference 


i vork in 
Objectives alone do not underpin a course. A course has its omen 
conceptual schemes as well. Chemistry, like all courses with a bona fide 


Se i i i en- 
of development, has concepts and principles which are peculiar to it. To m 
tion a few 


i j E 
The behavior of chemical elements can be predicted from a knowledge ol 
atomic structure, 
: hi "s 
Atomic structure provides an arrangement of the elements which sho 
them to exist in families rather than as individual elements. 
Chemical changes follow quantitative laws. 


s : ; is of 
It is thus possible, if one wishes, to organize the course on the basis 
broad conceptual schemes such as these. 


Needs and interests as a frame of reference 


Anyone who has taken a course in chemistry knows how its study could 
fulfill certain necds and interests of young people. Here are some probier 
which relate directly to students’ lives and will involve the normal content ol 
the chemistry course in a way significant to students: 


1, How can we avoid the danger of spontancous combustion in the home? 
(Expand further to deal with methods of fighting the possible types of fire in 
the home.) 

2. What typical household chemicals may be dangerous to use? (We shall 
certainly cover a multitude of facts in answering this problem.) 

3. What may be done at home to soften “hard” water? 

4. How can we assure a safe water supply? 

5. How can chemistry help us in the disposal of waste? 

6. How can useful materials be obtained from farm waste? 

7. How can chemistry provide for our needs for metals in the face of 
shrinking ore deposits? 

8. How does chemistry help in improving our health? Our food supply? 


Note that even these few problems relate the 
munity, his nation, and his environment, 


But these "needs and interests” may seem subject-centered rather than 
needs centered Somehow “needs centered” inol es rather personal choices. In 
a chemistry course in which one of us taught, the students chose as a central 
problem “The Analysis of Body Tissue." For the first halt of the term, students 
planned to examine certain of the tissues, Particularly blood, under the micro 
scope, Then, 


student to his home, his com- 
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with the facts of biochemistry, asked, “Does this course prepare us for college 
entrance examinations and the Regents Examination?” ** The answer was, of 
course, “Not if it’s a typical examination.” To this answer students responded 
variously, but there was quite a bit of concern. The problem was solved, 
courageously, in this way. 

Students and teacher agreed that even though it was not possible to orient 
this course toward the examination, some preparation for the examination was 
sull desirable. They agreed that in analyzing blood, they had learned the lan- 
guage and tools of chemistry. For instance, they had learned to write formulas, 
do quantitative problems, make solutions of the desired strength, and so forth. 
They further agreed that even with the best of intentions the entire standard 
course could not be covered. Hence, this plan was worked out: 


1. Students studied past examinations. They worked out a plan of reading 
which would enable them to “cover” the necessary material. One day a week 
was spent in quizzing each other (with the teacher's help) on standard formulas, 
equations, preparations, and so forth. When a standard demonstration to illus- 
trate the material under study was required, it was done by students or the 
teacher. 

2. Meanwhile, they continued their work in biochemistry, and then went 
into organic chemistry (particularly esterification). 





The students were successful in the state Regents Examination. As far as 
could be determined, students in this course did as well as other students of 
equal I.Q., reading score, and mathematics score who took the standard course. 
This no longer surprises us, although it did at first. Students who are vitally 
interested generally read more, do more, and learn more. 

Note again that planning with students does not result in lowering 
“standards,” but results actually in increasing the vigorous application of the 
students. The teacher does not abdicate; he remains a teacher. This means 
raising the standard; this means that students work harder and learn more. 

But what if a student had not asked, “Does this course prepare us for the 
college entrance and the Regents examinations?”? In our experience, in years 
of planning with students (in classes where there are boys and girls who plan 
to go to college), this question has always been asked. Where there is an ab- 
sence of threat, students do ask sensible questions and arrive at sensible an- 
swers--with the help of the teacher, of course. The teacher, we repeat, does not 
abdicate; he is the guide to learning, When he is such a guide, more subject 
matter is learned than when he is prescriptive; such is our experience. 

And what of special personal interests? Crystallography? Crime detection? 
Te learn firsthand how chemistry is used in the detection of crime, a student 
must become acquainted with a considerable body of facts about chemical 





¥ Regents Examinations are the state-wide examinations of the Board of Regents of 
New York State; they reflect the state syllabus. 
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analysis. If he is attracted by the interesting possibilities of electron ye 
wants to know how a plastic is synthesized, he will soon be acquiring mu A 
specialized information on his own initíative, and judging the significance of 
this information as it applies to his problem, He will be practicing the art 
of the scientist. 

In another school, a student asked during the first week what was left 
after the oxygen had been evolved from KCIO;. It “should” be KCI, but was 
at? The student was encouraged to find out, and over the next weeks was 
involved in techniques and learnings which “normally” came Iter in the 
course. Because he wanted to answer a question, he willingly learned much 
that is generally considered difficult. Since not every student will be inter 
ested in the same topic, such projects provide for individual interests. They 
can be carried out during, before, or after class, cither at home or at school. 


Units as a frame of reference 


More than any other device, the unit has been used as a base for organiza- 
tion of the chemistry course, Clearly units can be organized around con- 
ceptual schemes, problems, needs and interests, or utility in our society. In 
chemistry, units have been organized in topics (oxygen), conceptual schemes 


(periodic table), or fields (metallurgy). There seems to be no rhyme, if indeed 
there be reason, for this organization. 


For instance, a unit on metallurgy may be based not on a single con 


ceptual scheme or a “need and interest” or even a problem, but on the utility 
of metals in our society. Nevertheless, in terms of the task of maintaining the 
student's interest, a unit on metallutgy which stresses the general principles 


in obtaining, using, and protecting all metals clearly surpasses the disjointed 
treatment in which the metals are given individual study, each isolated in its 
chapter. 


Whether or not the frame of reference is in conceptual schemes or per. 
sonal interests, the basic organization necessarily includes a large body of 


TABLE 13-5 A course based on large understandings * 


T Chemistry in the present world—intro- VI The famulies of elements 

ductory A. The halogens 

TI A chemical view of matter D. Sulfur 

IIL Some common chemical elements- C. Nitrogen, including the atmosphere 
common structure Chemical theories and their applica 

‘The world of water and solutions 


bons 
Important clases of chemical com- VII "The world of metals 
pounds 


IX Carbon and its compounds 
A The oxides 


D Petroleum chemistry 
C. Organic chemistry 


vit 
1v. 


v. 





* In each urit the necessary shills (writing formulas and equations, problems, etc) are taught. 
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subject matter, the mastery of which results in understanding of some large 
principle or function. Usually (as will be seen in Chapter 17, The Unit in the 
Course), the sequence of units is planned to proceed from Iess dificult prin- 
ciples to those of greater difficulty. Usually, skills and attitudes are stressed 
in relation to principles and problems. Nevertheless, the units of a chemistry 
course often do not have a parallel construction. 

Table 13-5 is an example of one course in which the units do have parallel 
structure based on large understandings or functions. 


Special considerations in teaching chemistry 


The flavor of the course 


Chemistry, like each of the sciences, has its distinctive flavor. A visitor to 
a chemistry classroom or laboratory will likely find the teacher or students— 


Decomposing an oxide. 

Preparing a gas: hydrogen, oxygen, bromine. 

Purifying water. 

Discovering equivalent weights, ¢.g., of magnesium. 

Finding the weight of 22.4 liters of oxygen, 

Neutralizing acids and bases. 

Preparing ammonia, nitric acid, hydrogen sulfide, sulfuric acid. 
Studying destructive distillation. 

Preparing an ester. 

Determining an “unknown.” 


These operations and many others are the essence of chemistry. Also in- 
volved are— 

A certain hind of mathematics. 

A shorthand. 

An extensive technical vocabulary. 

Skills in designing apparatus and in manipulating equipment. 


"These create the odors and colors, the "feel" of chemistry; they belong to it 
and to no other study, Because there is so much to do in chemistry, it can be 
great fun, 


Chemistry and social problems 


Because chemists have been so successful in understanding and maneuver- 
ing the components of the physical warld, many fundamental changes in the 
social domain result. Probably these are not "controversial issues," as some 
applications of biology are considered, but they are social problems resulting 
from chemistry which must be solved in part with the relevant knowledge of 
chemistry. Among many are these: 
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1, Man has learned how to transmute the elements and release enormous 
energies. What shall we do with this new skill? uU 

2. Nuclear experimentation and power plants are already putting into 
the air disturbing amounts of radioactive materials which "fall out. How 
shall we deal with this? How significant are the amounts already in the air? 
What are the political and social implications, on a world-wide scale, of this 
"fallout"? 

3. The mineral resources of the world are finite and unevenly distributed. 
In the United States live less than one tenth of the world's population on Jess 
than one-filteenth of the land mass. Yet we use one-half of the world’s mineral 
resources, iron, aluminum, oil, rubber, and so forth. What are the conse: 
quences and responsibilities of this rapid use? What problems does this pose 
for the near future? For certain necessary materials we are a “have-not” nation 
(wolfram, manganese, etc.). What consequences does this have on international 
relations? What is the likelihood of substitutes being found? 

4. We are using fossil fuels, coal and especially oil, at a terrific rate. Yet 
the demands for power rise continually. How will these be met? Who will 
make the decisions and finance the operations? 

5 By 1970 our national population will be close to 200,000,000. Water 
is already in short supply in some areas, in Part because it is used so exten- 
sively in manufacturing processes. Food for our people and possibly for the 
exploding populations elsewhere in the world must be grown on the same 


limited and well used land areas, What can be done, by whom, and at what 
cost to supply more water and food? 


Are questions such as those above Properly 2 part of the chemistry 
course? We believe they are, if we wish to have future citizens who compre: 
hend the significance of chemistry in the world today. Yet they may be “side- 
stepped” in a teacher dominated course limited to “chemists! chemistry” and 
the “ivory laboratory.” Such limitation will Provide more time for technical 
details, but the only knowledge of the social imphcations of chemistry that 


the student will have is the haphazard knowledge he would have picked up 
had he not taken the chemistry course. 





The problem of safety 


proxe" sore resi 
way. More careful work 
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answer, and a good one, to his question. Then he will be tidy and precise. 
An approach which invohes predictions from knowledge will identify the 
dangerous materials and reactions; eg, will this reaction be strongly exo- 
thermic? If so, what would you expect to occur? What precautions should 
you take? This will also reduce the chances that students will, as happens 
too often, “pour things together to see what will happen” and have a ghastly 
accident. Certainly there is no single answer to this dificult question, but the 
attitude and approach of the instructor can make a significant effect upon 
the atmosphere of experimentation. 


Theory vs. application in chemistry 


From the beginning of the century the relative attention to theory, appli- 
cation, and descriptive chemistry has been argued. No over-all answer can 
be created, for the intent of the teacher and pupils will vary among schools. 
Yet chemistry is a science, which means that the multitude of specific reac 
tions can be organized and explained through a relatively few generalizations, 
In some instances, a “law of behavior” can be formulated directly from the 
observations. In other cases, some postulated property of atoms or molecules 
(valence, electric charge, binding energy, elastic collisions) must be introduced 
as an intermediary in reaching an explanation, The success of chemistry in 
predicting what will occur results from these generalizations. To omit most of 
them for purely descriptive chemistry or for extensive discussion of the won- 
ders of modern technology prevents the student from comprehending the 
significance of the descriptive information and the basis on which technolo- 
gies, with multimillion dolar investments, can be created. 


Historical sequence in chemistry 





Every science has a long and distinguished history. This is the story of how 
we have the knowledge now available. A course in chemistry which uses the 
historical approach would begin with the Greeks. But for a course in chemistry 
reflecting its use in the modern world, we would accept the concept of atoms 
as a starting point; surely the idea of atoms will not be a novelty to the stu- 
dents. Then gradually questions arise about how we know when we can rely 
upon the existing generalizations. This is the time to repeat, perhaps, in the 
modern context, the classical investigations of the past (history) upon which 
our current knowledge rests. That is, the student needs to be aware of “how 
he knows" and "how well he Knows.” At appropriate times the struggles, 
achievements, and disappointments of former chemists can be used through 
brief case histories.*® The purpose of this is not to teach the history of chem- 





15Leo Klopfer and F. G. Watson, "The use of case histories in science teaching,” in 
Science Teaching Through Problem Solving, Nav Sci. Teachers Assn , 1936, mimeographed, 
P- 40; see also The Science Teacher, 24, 264, Nov. 1957. 
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istry, but to use the past to illuminate the present. À student may then sec 
how present problems are like those encountered by chemists in the past 


The volue of laboratory work and demonstrations 


After the heyday of enthusiasm for laboratory work, for which prepos- 
terous claims had been made, thoughtful people began to ask what effects 
laboratory work had upon children’s learning. In part this was motivated by 
the “enormous expansion” of enrollments in public high schools (from 519,000 
in 1900, to 2,200,000 1n 1920, to 4,399,000 in 1930). The resulting strain upon 
building facilities, especially laboratories for individual experimentation, was 
severe and expenses were high. The possibilities of group laboratory work 
and of teacher demonstrations were explored. 

During the second and third decades of this century many experiments 
were made to reveal the relative merits of these different procedures, At that 
time educational experimentation, which was just beginning, severely suf- 
fered from “faulty and inadequate experimental and statistical techniques 


and the lack of reliable and valid objective tests for measuring the instruc- 
tional outcome: 








‘The nature of these insufficiencies is exhibited well in one of the later 
and larger studies: that by Carpenter which involved over a thousand pupils 
in 34 classes in 23 schools in 14 states. We quote his major conclusion, sup- 
ported by the data despite the. primitive statistical treatment: 2° ` 

The results of this experiment point to the conclusion that the majority of 
students in high school laboratory chemustry classes, taught by the demonstration 
method, succeeded as well as when they performed the experiment individually, 
if success ts measured by instruments which measure the same abilities as are 


measured by these tests, namely, specific information and ability to think ın terms 
of chemistry 


For this to have meaning we must examine the tests he gave the pupils. As he 
states, they heavily involved recall of information. The “ability to think in 
terms of chemistry” is not so evident. The test items were based on "tem 
introductory experiments as found in one of 


[the] most popular chemistry 
laboratory manuals: 


Brownlee and others, Laboratory Exercises, Allyn and 
Bacon” (edition not cited). A perusal of these test items rex eals that a compe- 
tent student could answer them completely on the basis of a textbi 
edge without either demonstration or labora 
that he did not find larg 
phenomena to the stude: 


ook knowl- 
tory work. Little wonder then 
e differences between the results of presenting the 
nts in the two different Ways. 


So NSSE, Thirty-First Yearbook, op. cu, p. 97. 

oat. W Carpenter, Cevtam Phases of the Administration of High School Chemistry, 
Conutbutions to Education, No 191, Bureau of Publications Thes oroo bia 
U- N. Y, 1925, p. 45. ytalics added zr een enne Culte 

21 Carpenter 


in is analys i not USE his “control groups” (no contact at all with the phenomena) 
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Among the many studies, probably the “classic” is that by Horton.?? Not 
only did he devise standard paper-and-pencil tests which required more 
Lnowledge of “doing” or “performing,” but, in addition, he devised a test of 
laboratory manipulative skills, appraised both through written tests and direct 
tests in the laboratory. After extensive experimentation, he concluded: ** 


No reliable results appear in the testing by the ordinary written examinations— 
neither by the Regents nor by the school test. 


This is not surprising in view of the type of item and ability involved in such 
tests. Alsa he concluded: 7* 


A. The order of preference of the methods studied, in the light of all the out- 
comes measured, appeared to be: 

1. Individual laboratory work without directions, the socalled “problem 
method.” 

9. Individual laboratory work following directions, but with these directions 
consciously generalued, 

3. Individual laboratory work following directions from a manual. 

4 Demonstrations of all experiments by the teacher. 


B. For success in the ordinary written test there was little preference; no method 
showed a superiority amounting to certamty. . . . We were left with a choice of 
believing that: 

1. Written tests are invalid for detecting differences in methods of laboratory 
work. 

2, The methods of doing laboratory work are not determining factors of 
success in written tests. 

3. Both these statements may be true. 


(Not more than one fifth of the student's time in the course was devoted to 
the laboratory work.] 


C. There were, nevertheless, differences in the outcome of the different methods 
of using the laboratory. This appeared to be confirmed by all the non written 
tests proposed. These differences were found in ability 

I To manipulate apparatus 

2. To make experimentation involving use of apparatus. 

3. To solve perplexities or projects involving use of chemical facts in labora- 
tory situations. 


He also found that 877; of the students preferred individual laboratory work 
to demonstrations and commented: 


From such a decisive preference for individual work we may judge that it serves 
at least the purpose of self-actisity, motivation, and maintaining interest. On 
these grounds alone, the expenditure of time and money may be justified. . . 
It appears that we have overemphasized individual work as a means of acquiring 
information and of merely understanding chemistry. On the other hand, there 
seem to be important outcomes from smdividual work measurable and attainable 
by suitable methods which may make it more, rather than less, important. 





32R, E. Horton, Measurable Outcomes of Individual Laboratory Work im High School 
Chemistry, Contributions to Education, No. 305, Bureau of Publiauons, Teachers College, 
Columbia U., N. Y., 1928. 

23 Ibid., p. 84. 

3 tbid., pp. 99-102. 
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All this only re-emphasizes the basic question of the desired outcomes 
of a chemistry course Do we wish the pupils to attain primarily a static knowl- 
edge of chemucal facts? IE so, laboratory work, and perhaps even demonstra- 
tions, will not be essential. Tests will deal with recall of static knowledge of 
the type in texts. (Incidentally, enrollments will be exceedingly low) Do we 
wish the pupils to see chemistry as a dynamic science, as an example of how 
men struggle to describe the behaviors of the world and to male sense out of 
them? If so, laboratory work wil have a centra) place and will be much 
more than exercises repeated from a manual. The issue is just that sharp. 

These questions have remained unresolved. In 1916 the committee fc 
viewing this topic for the Forly-Sixth Yearbook of the National Society for 
the Study of Education wrote: ** 


Tt us regrettable that in a majority of science classes in which demonstration 
and individual experiments are performed, the chief, if not the sole, function 
served by these activities is to verify facts and principles already learned. The 
experiment is commonly postponed until the pupil has found out from consulting 
the text or from classroom discussion what the experimental results ought to ‘be. 
Then the experiments are performed so that the pupils may verily what they 
already know, AS a result, it is common for the pupils to engage in such unde 
sirable practices as “making the answer come out right,” and telling what “ought 
to have happened” instead of what actually happened 

Performing demonstration or individual experiments merely for the purpose 
of verifying facts already known is rarely, af ever, justified. The primary purpose 
of experimenting is to secure evidence which may reveal answers to problems. In 
order to effect this purpose, the inductive method should be used in neatly all 
cases; that is, the laboratory work should precede, not follow, the classroom dis- 
casnion of a topic or principie. 

Under this plan, the pupil needs the samc careful direction for experimenting 
that he will require in any other case; he needs to be given, or to work out for 
himself with the teacher's help, the procedures to follow in securing an answer 
to a problem. But everything possible should be done to encourage him not to 
ascertain by other means what the answer should be, , . . After he bas arrived at 
the best answer to his problem that he can reasonably be expected to obtain, it 
1s proper for him to consult the textbooks and references to find which are the 
correct results, 35 obtained by skilled scientists working under ideal conditions 

Such practice is ideal for the teaching of the scientific method and for de- 
veloping scientific attitudes The practice of carrying on experiments for the 
mere purpose o£ verification often emphasizes the anuthesis of scientific method. 


"The thirteen years which elapsed should have brought a shift in emphasis 
in the objectives of the laboratory worl in Chemistry. But, to our knowledge, 
this shift exists in only a minority of classrooms In a great majority of chem 
istry classes the statement which begins this section still applies “it is re 
Brettable that in a majority of science classes . . . the chief, if not the sole, 
function served by these activities [demonstrations and individual experiments] 
is to verify facts and principles already learned." 

This opinion was accepted as describing the present situati str 
teachers with whom we discussed the problem in tee Saas roche lait 





150p. eit, pp. 51-52. 
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tutes held during the summers of 1956 and 1957. It is also what we have found 
when discussing the situation with teachers throughout the country. In gen- 
eral, we find that the syllabus topics stated in Table 13-1 are used (in one 
sequence or another) in the majority of classrooms in this country. Simi- 
larly, we find that the topics shown in Table 13-6 constitute the laboratory 
exercises generally used throughout the nation—almost to the sequence. 

Note that we say “laboratory exercises”; these are done by students after 
they have the information. Information is not gathered inductively through 
the experience. The laboratory experience is not in search of meaning; it is 
merely an exercise in laboratory manipulation, sometimes indifferently per- 
formed. 

This is a most regrettable commentary about the role of laboratory work 
when all science teachers are aware of the central place of experimentation in 
science. If laboratory work is handled in the manner described just above, the 
abilities of children to select and design equipment, to predict from prin- 
ciples, to operate carefully and accurately, to observe closely, to appraise re- 
sults, to search for improved techniques and equipmental design, to apply 
statistical analysis, to describe data graphically and algebraically, and to 
interpret data will not be realized. Further research on the benefits of labora- 
tory work would normally include these attributes as central. Yet in terms of 
current laboratory practices, we would expect to find little or no gain in the 
critical scientific skills. 

But basic in the current misuse of laboratory time and facilities is the 
clear observation that children enjoy laboratory work, especially when their 
efforts have some personal significance. A major revolution in science teaching 





TABLE 13-6 Typical Soborafory exertises in chemistry 





1. Physical and chemical changes 23. Nitric acid 

2. Elements, compounds, and mixtures 21. Oxides of nitrogen 
3. Matter in chemical change 25. Sulfur 

4. Decomposition of an oxide 26, Hydrogen sulfide 
5. Oxygen 27. Sulfuric acid 

6. Hydrogen 38. Carbon 

7. Displacement of hydrogen from water 29, Destructive distillation 
8. Water and solids 30. Carbon dioxide 

9. Purification of water 31, Fermentation 

10. Equivalent weight of magnesium 32, Esters 

11, Weight of 224 liters of oxygen 35. Soap-making 

12. Ionization 34, Foods 

13, The electrolysis of an electrolyte 35, Textiles 





H. Neutralization Relative activity of metals 
15, Reactions to completion, reversible reactions 37. Metallurgy 


16. Hydrolysis 38. Qualitative analysis 

17. Chlorine 39 Oxidation reduction 

18. Hydrogen chloride 40. Aluminum 

19. Bromine 41. Calcium, magnesium, and their com- 
20. Iodine and a fluorine compound pounds 

21. Nitrogen (the atmosphere) 42. Hard water 

22. Ammonia 43. Determination of an unknown 


< 
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with a sharp rise in enrollments can be forecast if the laboratory is t 
the spirit of science to inquire, to test predictions, and to wrestle with reality. 


An excursion 


to developing one's own course 
in chemistry 





We are forced to the conclusion that chemistry teaching, as defined by 
the topics taught in classroom and laboratory, is fairly standardized through- 
out the country. The course given ts that delineated in Table 13-1; the labo- 
ratory course given is that in Table 136. This standardization and orienta- 
tion is unlike general scence and biology. What docs this mean? p 

Perhaps this. Chemistry teachers have devised an invention which is 
sausfactory It meets the needs of boys and girls, the various communities, 


the schools, the colleges, Furthermore, chemist: 


Ty teachers are generally satis- 
fied with tus invention, 


Or this: Chemistry teachers are teaching a course which fits very few 
young people. This might account, in part, for the relatively low enrollment 
in a very interesting subject. 


Or this: Change in chemistry teaching is slower than in other areas. 
In this aspect, it is like physics teaching. 
Or this: Chemistry teachers are satisfied to teach only a select group. They 


do not, in general, believe that all young people should have the hind of 
chemistry wluch fits their individual goals. 


13-1. One teacher we &naw developed an entirely different course in chem- 
istry in this way, He decided that he wanted to prepare the youngsters for 
that bugaboo, The College Entrance Board Lxamination,* and yet to develop 
a course according to what was known about modern methods of teaching, 
the method of intelligence, and concept formation, 

This is what he did, it is similar to Mr, P's plan described in Chapter 4, 
He realized that the major obstacle to teaching in a leisurely manner a course 
so crammed full of facts was the lack of time. How to get time? 

G) He analyzed current textbooks and found them all very similar in con- 
tent, But he alo discovered that certain portions of the information need not 
be taught in the classroom; students could read and understand them: the 
history of chemistry, certain aspects of metallurgy, soap-making, etc. He did 
not, however, avoid using aspects of these topics, particularly history, to 
develop the way the chemist used the method of intelligence, and metallurgy 
and soap-making to illustrate the aspects of technology, 

He therefore developed an agreement with the students, He prepared a 
mimeographed sheet listing the topics for which they were responsible when 








35 Taken in. 195155 by 11933 children out of some 480,000 lled in chemistry 
Sourses Fifty fourth Annual Report of the Director, CEE, Moet 1956, p ho 
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tests were given. He also listed the dates by which these topics were to be 
read. (Ihese were flexible deadlines and were changed as the course devel. 
oped.) 

He decided that in class he would deal only with the “difficult” topics, 
those which had a mathematical context, dealt with laws, or dealt with con- 
ceptual schemes, All descriptive chemistry he left to the students. 

(b) He allowed one period (or occasionally two) per week for clearing up 
difficulties which came out of the students’ readings, and for performing the 
standard laboratory and classroom demonstrations. 

(c) This left to the classroom and the laboratory such problems which 
developed from the very nature of chemistry, e.g, 


How do you identify an unknown ion in solution? (Much laboratory 
time was spent on analysis.) 

How do you know that MnO, is a catalyst? (Experiments on catalysis were 
done in the laboratory.) 

How do you know that weight-weight relationships really exist, eg., in 
the reaction. NaCl -- AgNO; - AgCl-- NaNO;? (Careful experiments were 
done over a period of a week.) 


(d) As a test of whether his students “Lnew” chemistry, he used the type 
of test developed on p. 428, as well as various American Chemical Society 
tests. He found that, when taught this way, his class did as well in terms of 
knowledge and shill gained as they did when he was (as he put it) “bound 
by the rat race of the textbook and-laboratory course.” ~=. 

There were three most important results: 

1. Those students who were going on to college did well in the College 
Entrance Board Examinations. 

2. Those who were science shy did as well, in his opinion, as they would 
have done in the course he used to give. 

8. The enrollment in chemistry tripled over four years. 


13-2. In order to determine what is going on in chemistry courses through- 
out the country you might want to gather various courses of study. The ap- 
proach we have found useful is described at the end of Chapter 12, The 
Course in Biology. 


13-3. For laboratory experiments, demonstrations, field work, projects, films, 
etc., in chemistry you might want to examine: 


J. Richardson and G. P. Cahoon, Materials and Methods in Teaching Physical and 
General Scrence, McGraw-Hill, N. Y., 1952. 

A. Joseph, P. F. Brandwein, and E. Morholt, Teaching High School Science: A Source- 
book for the Physical Sciences, Harcourt, Brace, N. Y., 1959, a companion to this 
volume. 
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CHAPTER 14 


Inventions in science courses: 


The course in physics 


A long note at the beginning: There was a teacher who gave her students an 


1By d 
above 119. 


w 


efimuon of the LQ seale, 


assignment, a review of a book on penguins. In aee 
stimulate clear thinking, as well as brevity, she asked that 
the review be couched in one sentence. From one boy she 
got this statement: “This book tells me more about pen 
guins than I care to know.” ith 
Probably teachers of physics would say, and wit 
justice, that they have been told more about the need for 
revision of physics courses than they care to know. Xe. 
another way of putting it in one sentence would be: 
Physics has a tremendous impact on society, but too little 
impact on enrollment, This is a pity, because physics is 
useful, it is interesting, and it is necessary equipment for 
boys and girls who would understand modern society. 
Why, then, do a great number of students shun the 
physics classroom? Let us deal only with three major myths 
which affect physics teaching (and for that matter chemistry 
teaching). 
The myth of the selected student body, An examina: 
of courses of study and methods of teaching now em- 
Ployed indicates that physics teachers seem to think the 
high school population 15 entirely composed of individuals 
with LQ.'s of 110 or more, all interested in be 
cists. Obviously this is not 50: Yet the 
given is intended for Such students. And t 
to be even unsatisfactory for the physicist-t 
Most students in our schools cannot learn a vast as- 
sortment of facts unrelated to their Present lives and com- 
bined with a private shorthand, a private mathematics, 


tion 


coming physi- 


his course seems 
o be. 


Just over 25 per cent of the population can score 
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high levels of abstraction, often symbolic, as well as the 
laboratory skills which comprise the existing course in 
physics. Enrollments in such physics courses cannot be 
high, because the number of students who can cope with 
such a course is limited. Yet the solution is clear. 

1. For those who are to become experts in physics, or 
who are capable of this even though the interest has not 
yet been aroused, the course in physics as given now ought 
to be extended and enriched. It ought to be made, if you 
wish, more abstract, more esoteric, and more delightful and 
exciting to those whose gifts enable them to do more. 

2. For those who are not to become experts in physics, 
a physics course suited to their needs and interests is also 
possible and, indeed, necessary. Such a course would deal 
with the problems these boys and girls will face as citizens; 
with topics such as the automobile, TV, electric currents, 
the H bomb, the bicycle, and so forth. Surely atomic energy 
would be dealt with in such a course, but on a level which 
satisfies the curiosity of such students, explains theory suffi 
ciently for them to understand newspaper accounts, yet does 
not require them to write nuclear reactions and to under- 
stand fully the theory behind them. 

Is this physics? Or is it watered-down physics? This leads 
us to the next myth which affects our thinking about the 
teaching of physics. 

The myth of the “watered-down course.” Let us make 
short shrift of this. If you examine collegiate physics 
courses, including those for graduate students, you will not 
find a single course (even the most advanced) which was 
not “watered down”; watered down, that is, from the exist- 
ing body of knowledge. Every teacher selects from the body 
of knowledge, and every course is necessarily “watered 
down” or “selected” to fit the student body. 

Surely it is no academic sin to fit one course to stu- 
dents who might be physicists or scientists (to modify a 
college course if need be), and also to fit a course to stu- 
dents who will not be physicists, by selecting materials 
which will help them solve the problems in physics which 

they will face as human beings. Or will one course do for 
both, a course suited to modern science and modern life? 

‘There is all the difference in the world between teach- 
ing physics as an end in itself and teaching it as a help in 
solving problems of living. The first helps the experts; the 
second helps both the experts and those who will cooper- 
ate with them. 
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The myth of the physics teachers’ strait jacket. Talks 
with many teachers indicate that they do want to intro- 
duce courses which fit both the expert-to-be and the citizen- 
layman to-be; that is, they want ta introduce courses to fit 
both special education and general education. However, 
they point out that courses of study set by state Boards of 
Education and the College Entrance Examinations are 
among many pressures which, they feel, restrict their flexi- 
bility. Little innovation seems present in textbooks which 
are quite similar Agreed, these factors do exist, but they 
need not exist forever. 

A firm and steady pressure by teachers will influence 
state courses of study and examinations. Not everything in 
the textbook need be taught; the book is a basic refer- 
ence, not a strait jacket. Texts will change as the demand 
is felt Yet even the existing texts have a great deal of 
material from which intelligent selection can be made. 
"Through the efforts of many committees of both college 
and high school teachers, the Jarge scale examinations such 
as the Regents Examination in New York State and the 
College Entrance Examinations are already being modi- 
fed. All the restraining factors are man-made and will 
respond to a polite form of sincere rebellion in the interests 
of children (see Physical Science Study Committee, p. 293). 

Tí you could visit simultaneously many classes in 
physics early in September, you would find nearly everyone 
undertaking the same series of topics: measurement, then 
machines, and so on. It would seem that some ordained 
series of events goes on throughout the land. Yet the time 
is coming when each course will be designed for the type 
of community in which the school is located, for the hind 
of lives the children will lead, and for the ingenuity of 
the teacher. 

Surely we can agree that physics is important to mod- 
ern hfe and living. Likewise we can agree that children 
cannot be convinced of the importance of physics if they 
never come to the physics classroom. The conclusion scems 
obvious: revision of physics along two lines. One would 
result in physics being more attractive to the expert-to-be. 
"The other would attract those who will live in a world of 
experts and make choices affecting their personal affairs. 

America today is a Jand of millions of automobiles. 
millions of homes, and millions of refrigerators; mechanical 
devices abound on all sides, from can openers to cranes, 
from electric mixers to giant transformers. Yet, relatively 
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few in our population understand why the brakes are 
called "hydraulic brakes," and how they operate; why the 
claw hammer is constructed as it is; how a thermostat op- 
erates; what the ignition coil does in an automobile; how 
a fuse operates, and why it should not be replaced by a 
penny; how an electric motor or gas flame cools a refrigec- 
ator; how the gas and electric meters should be read; and 
so on. These are part of physics. So are F = ma, E = mc’, 
I = E/R. So are many other basic principles which have 
helped make our present age the Age of Science and the 
Age of Satellites. 

Yet the percentage of high school students enrolled in 
physics has declined over the past fifty years.? Will exam- 
ining the nature of physics courses and physics teaching in 
the country help us understand why this has occurred? 


The development of the course in physics 


The development of courses in physics in America parallels closely that 
of chemistry (Chapter 13). Physics, however, appeared earlier (as natural 
philosophy) than chemistry, because it was already established as a science 
(especially as Newtonian mechanics) when chemical facts, theories, and laws 
were few and poorly organized. 

"The physics course offered one hundred years ago would not be unfamiliar 
to teachers and students today. The organization of content into the broad 
subdivisions still in use was already established. Instruction was, however, 
almost entirely by means of recitation, apparently intended “. . . to antici- 
pate all needs and questions of the reader so that he would never have to do 
any thinking on matters of physics." * 

‘Then in the 1860's the establishment of the land-grant colleges placed an 
emphasis on the vocational aspects of science. At about the same time, and as 
part of the “social climate,” the influence of foreign practices in teaching 
physics and training specialists began to emphasize the desirability of inten- 
sive laboratory instruction. Once again the influence of Harvard University 
weighed heavily: first, with the recognition in 1872 of mathematics and 
physics as an optional admission program in place of the classics; and second, 
with the issuance in 1886 of The Descriptive List of 40 standard experiments 
Which the applying student could offer for admission, and on which he was 
tested in the college laboratory.* 


2 Although, of course, the total number of students taling physics has increased con- 
siderably; and so bas the percentage of the high school age group. 

5E. Smith and E. H. Hall, Teaching of Chemistry and Physics, Longmans, Green, N. Y., 
1881, p. 269. 

For a uet of these 40 experiments, most of which are sull commonly performed, see 
S. Rosen, “A History of the Physics Laboratory in the American High School (to 1910)" 
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x 


The immediate beneficial result, that of stabilizing the high e 
physics course, was followed 1n the next decades bya curious TE ME 
pendulum. From an extreme textbool, catechetical basis, the pl me re 
swung to an almost purely laboratory course, ignoring textbooks am 
uons But what happened in chemistry was also inevitable in physics. 


i jeff 
By 1910, the laboratory had not solved the problems of physics eeachang chief ty 
because both teachers and texts were of poor quality; passing examunat nén n 
the prime purpose of the work, and the laboratory work was not rea 
mamly quantitate and abstract$ 


The unsuitability of the course as it had "rigidified" was fone high 
lighted at the turn of the century by a changing high school popu apu 
Various professional committees began the re-examination of the aims oe 
objectives of physics, with its attendant content and methodology; dn! 
away from the laboratory course was under way by 1915. Recitation and í a 
cussion periods reappeared, laboratory time decreased and demonstratio! 
became customary. 

What is the picture with respect to physics courses today? ¢ 

Physics instruction m the high schools continues to be intended principally for 

the college bound student with an interest in science, .. 


1 Courses n physics are offered more ın the 12th than in the 11th grade. 


‘The mathematics associated with the college preparatory course is often a 
prerequisite or comeident study. 


3. Boys enrolled outnumber girls by more than 2 to I. 


4 Enrollment in physics represents about 13 per cent of the students in the 
11th and 22th grades. 


5. ‘The actual number of students taking physics has not changed significantly 
through the [recent] years although the percentage is smaller than jn earlier year. 


A leading textbook of physics in use one hundred years ago included 
the following topics of study: 


matter and its properties 





electricity 
gravity voltaic electricity 
the laws of motion magnetism 
the mechanical powers electromagnetism 
regulators of motion (pendulum, gov- telegraphy 
ernor) the electrotype process 
hydrostatics magnetoelectricity 
the steam engine thermoelectricity 
optics astronomy 


The present day teacher of 


physics would be completely at home in this 
course, but he would have to 


add many new devices, facts, and principles that 


American Journal of Physics, 
T 


peers 22, 191, 1951 Many of the historical sidelights are drawn from 


28. Rosen, oj. ct , p. 20$. 
* Ralph W. Letter. 


rends im High School Physics,” National Assocation of Secondary- 
School Prineypats Bulletin, Jan’ 1953, p. 7, 
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TABLE 14-] 


"What's wrong with high school physics," 1923 and 1947 





1923 


The content of the modern physics course 
is not objectionable in itself, but ıs too bulky 
and needs to be cut down, 

The highly abstract and theoretical, the 
incidental and smsignificant—whatever is en- 
tively foreign to the pupils’ present purposes, 
present knowledge, and daily experience, and 
cannot be connected up with them through 
significant problems in whose answers they 
can be eitally snterested—should be dropped 
out, 

There must be a change in emphasis that 
wall result in paying most attenuon to the 
“big dynamic things” in physics and to those 
facis and minor principles which are exempli- 
fied in the students’ own locality, and which 
are therefore significant because they raise 
questions in whose answers the students can 
see some use. 

Minor and special pnnaples must be justi- 
fied before the pupils are required to learn 
them « In other words, definitions, prin- 
ciples, and generalizanions are justified by 
leading up to them inductively through con- 
crete problems that anise out of the pupils? 
previous knowledge and their spimt of wonder 
‘or intellectual curiosity 





*G. R. Twas, Principles of Sctence Teaching, 
an, N. Y. 1925, pp 325-26 





It 


The number of topics or units taught dur- 
ing the year must be reduced. For years, 
physics teacbers have been bewailing the 
steady increase in the amount of material in 
their courses. New material is often added, 
litle is ever dropped. It is time to realize 
that it is far better to leave out whole sec- 
tions . . . tha to teach so much poorly. 

The course should be organized largely or 
entirely about problems. This principle sug- 
gests a method of work rather than material 
to be taught. Class activities—demonstrations, 
experiments, discussion—as well as student ac- 
tivities outside the classroom are carried on 
in order to obtain answers to certain larger 
questions which have been accepted by the 
class as defining worthwhile problems. 
Physics teaching at the high school Ievel 
should largely reject the college preparatory 
function and stress the contributions of 
physics to the general education of American 
youth. 





+ National Society for the Study of Educa. 
tion, Forty Sixth Yearbook, Part 1, Science 
Education sn Amencan Schools, U! of Chi- 
cago Press, Chicago, 1917, pp. 210-1]. 





have since appeared, without dropping much from this list, The telephone, 
radio, television, jet propulsion, photoelectricity, the “expanding universe," 
atomic energy, space satellites—to name anly a few—have added to physics 
enough content to provide at least a whole semester's work in themselves. 
Physics has experienced the typical growth of a course in the science curricu- 
lum, with more having been added than removed. This process has been 
going on for many years, and people have been aware of it. (Table 14-1 shows 
comments on the situation made in 1923 and 1917. Can you distinguish one 
from the other?) Yet the pattern of physics teaching has remained essentially 
unchanged. 

Unfortunately, the sort of physics course proposed by both Twiss (1923) 
and the NSSE (1917) requires a degree of leisure in both teaching and learn- 
ing which is not provided by syllabuses preoccupied with facts—particularly 
facts whose recall will be the major part of examinations to come. 

Here, as in the teaching of chemistry, we encounter a major dilemma, 
Teachers are advised, and sometimes agree, that science courses should be 
taught inductively around problems significant to the students. Yet former 
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experience, texts, tests, and "pressures" encourage a continuation of the tradi 
tional, teacher-dominated, systematic course, g 

The failure of the laboratory-centered course of the 1890's, in which the 
student was expected to operate entirely by induction, seems obvious. The 
student was supposed to re create the classical results of physics, in the same 
context in which the orginal discovery was made, But this was impossible. 
The student was not Boyle or Newton or Faraday. What is more, he could 
read what they had found; why, therefore, should he pretend to go through 
the same operations which had no significance to him? A clean distinction 
should be made between the effort to have students practice induction and 
the context within which they were to practice this important process. The 
failure was not in the attempt to have inductive study, but in the formal, 
academic context within which it was to be practiced. This point is still 
significant in current discussions, as we shall sce. 

Teachers currently approaching the apparent dilemma often take an 
easy approach: One pattern, the systematic review of past physics, is known 
to them; the other, based on student problems, is at best hazy and unknown, 
with many potential pitfalls. So course modification waits until someone 
else has pioneered the way. Such a reaction is understandable. Yet the need 
for modification is intense. In the following discussion of present course 
patterns and possible bases for changes, there may be suggestions which will 
encourage evolutionary if not revolutionary changes in your courses. 


Patterns of present courses in physics 


The organization of content in Physics courses has shown less change 
he past one hundred years than in any other science course. The classical 
pattern remains in courses and textbooks: mechanics, heat, sound, light, and 
electricity, The past few years have brought the addition of a sixth division: 
nuclear energy. While such organization may be defended on the ground 
that these areas are coherent, one is faced with the broader problem: How 
does such an organization further the desirable aim of integrating the various 


fields within physics? In effect this compartmentalization often provides the 
Student with five (or six) “subcourses” in physics. 


in tl 


The textbook as a course outline 


‘The modern text retains much of the content of the text of one hundred years 
ago, for the importance of these fundamental Concepts of mechanics, light, heat, 


sound, and electricity has only been emphasized by the discovence ine modern 
Physics. In addition, the modern text Presents the principles more recently dis 
covered and sncluded under the heading “modern physics.” 

Inductive methods are prevalent in current texts. Starting with the familiar 
and commonplace, the pupi! is Ied to the formulation of the bese Ine of physics. 
Emphasis is placed on the unifying aspects of Physics; as, for example, the niam 
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festation and transformation of energy—the conventional units of mechanics, heat, 
etc.—are shown to be interrelated and not “watertight” compartments. Stress is 
placed on “things to do” to encourage teacher demonstration and pupil experi- 
mentation.? 


These texts are, however, far from perfect and have drawn criticisms.* 

While the present-day textbook in physics is markedly superior to that 
current only thirty years ago, the organization, the scope of the course, tends 
to negate these desirable features. 


Rarely can the teacher of physics today cover the content of the entire text 
unless he goes back to the questionable methods of previous jears where the 
pupil is expected to "learn" the material of the text in sequence for "quoting 
back” during the recitation. Where emphasis is placed on the development of 
ideas, on the consequences and social impact of these ideas, on the methods of 
experimental science and of the scientist, on learning through indnidual study 
and experimentation, less content will, in general, be covered but the pupil gains 
confidence in his ability for learning after formal education has ceased. The 
teacher under these conditions makes selections as to content to be studied in- 
tensively and provides appropriate interlinkage between the "blocks" of intensive 
study? 


The college-preparatory course 


As we have seen, the organization of high school physics courses today is 
still cast largely in the “college-preparatory” or systematic mold. What was 
true in the case of chemistry is also true of physics; success in high school 
physics is an unreliable index of probable success in physics at college. The 
difference in breadth, depth, and intensity of college physics compared to the 
high school work is even greater than that between the courses in chemistry. 
A great many items in college work have not even been touched on or sug- 
gested on the secondary level. Angular momentum, rotational inertia, Kirch- 
hoff's laws, and the like are often totally new experiences to the entering 
freshman, Far more significant and troublesome is the greater reliance. on 
mathematics in the presentation of the college course; many first-year courses 
involve introduction of the calculus.!e 

Yt is unfortunate, therefore, that so much of the high school physics 
clings to a format and a purpose for which it is no longer suited. Not all of 
our physics students will go on to college, and of those who do, only a small 
percentage will become specialists in physics.tt Yet the "college-preparatory" 

TR. W Lefler, op. ett p. 79. 

*C. 4 Compton, "The Secondary School Textbook," 4m. J. Phys, 21, 537, 1953, sce alwo 
W. C Michels, “igh School Physics—A Report of the Joint Committee on. High. School 
‘Teaching Matenals,” Physics Today, 10, 20, 1957. 

aR. W, Lefer, op. ett.. p- 79, see abso Fri 
Physics Courses,” Am J. Phys., 17, 532, 1949. E 

A. J. Hatch and D. F. Cope, “Flashback Teaching Technique Applied to a Bloct.and Gap 
Physics Course,” 4m. J. Phys, 19, 187-45, 1951. 

18 See page 291, under section heading, “Changes in College Physics 

1i In a study of phyncs in 370 California high schools, McRary found that 70% of those 


enrolled in phisics intended to enter college, while 17¢% anticipated a career in phyuc. W. IL, 
McRary, “physics Instruction in California High Schools," Physics Today, 10, 25, 1957. 








Rogers, “The ‘Block and Gap’ Scheme for 
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TABLE 14.2. College-preporatory and college courses In physics 


ee 








High school College 
1. Mechantes 1. Mechanics 
A Forces in equilibrium A. Nature of physics 
B. Forces and monon D Liquids at rest 
C Work and energy ©. Air presure 
D Machines D. Vector quantities 
E Optional materials P. Accelerated motion 
1. Mechanics of funds F. Force and acceleration 
2 Molecular forces G. Force and counterforce 
3 More on machines H. Staucs 
TL Work, energy, power 
U Hat J) Rotation 
A Meat, a form of energy he vate 
B. Expansion L. Hasiaty 
© Measurement of heat M. Huids at rest and im motion 
D. Change of state. 
E. Heat and work 1L Heat 
F. Optional materials 


A. "Temperature and expansion 
1. Specific heat B. Kinetic theory 

2 Effects and apphication of evaporation C. Quantiy of heat 

3. Meteorology D Meat transfer. 

4. More on heat and work E. Change of state 


IIN. Transfer of energy b} wave monon P. Heat engines 
A. General characteristio of waves NL Sound 
B Sound A. Vibrations 
C. Electromagnetic radiation B Wares 
D Visble light C. Sound waves 
X. Optional materials D. Hearing 
1. Additional generat topics 


E. Other topics 
2 Sound and music 

3. Optical devices 

4. Fürther material on vision 


* Syllabus in Josie from Physics Handbook, 
Bureau of Secondary Curriculum Develop 


ment New York State Education Depat. 
ment, Albany, 1956, 


t Frederick Saunders and Paul Kirkpatrick, 
College Phystcs, 4th ed, Holt, 955. 








Ty can such a course hope to achieve the "extra things” of science 
(see Chapter 13, The Course in Chem: 


stry) which provide for understanding 
by Way of scientific attitudes and methods, amd fer emotional outcomes which 
will predispose the student favorably toward Physics in particular and science 
in general at some future d. 


late? 
Table 14.2 shows, side by side, a high school colle; 


ge preparatory physics 
tents of a standard colle 
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High. school College 





IV. Electriaty IV, Electricity and magnetism 
A Stauc electricity A Currents and charges 
B The electric current B. Flementary electrostatics 
C. Magnetism C. Electrostatic fields and generators 
D. Induced electromagnetic force D. Potential and capacitance 
E Opuonal materials E. Magnetism 
1 Chemical effects of an electric cur- F. More on magnetism 
rent €. Conductors and arcuits 
2 Terrestrial magnetism H. Conduction of electricity by liquids 
5 Some applications of principles I. Chemical and thermal sources of elec- 


tromotive force 


V Alternating current and electronics J. Heating effects of currents 
A Aleraung Current circuits K Anduced currents 
B. Vacuum tubes L. Generators and motors 
C. Radio M. Alternating currents 
D Television : N. Electron properties 
E. Opuonal materials O. Electric oscillations and waves 


1. Other applications of electronics 
2 Addiuonal quantitate work on — V. Light 


ac A. Some properties of hght 
3, Vacuum tubes B Reflection and refracuon 
4 Other applications of electronics C. Lenses and curved reflectors 


D. Vision and its aids 
E. Dispersion and spectra 
F. Diffraction 


VI Nuclear energy 
A. Structure of rhe nucleus 


B Radioactity G. Color and interference 
Cc Penon : H. Polarization 
D. Thermonuclear reactions 
E. Peacetime uses of nuclear energy MI. Atomics 
F. Optional materials A. A survey of atoms 
1, Other particle accelerators B Relausity 
2. Further nuclear theory C. Waves and particles 
3. Cosmic radiation D. The outer atom. 


E. Atomic nuclei 
F. Nuclear reactions 


a GS, 


learned the formula for centrifugal force, the method of determining the spe- 
cific gravity of floating solids, Lenz's law, and so on; what now? What will he 
do with them in ten vears? How will they affect his future behavior? What 
will they contribute to his future understanding. vocation, and so forth? 
Will he even perform better in college physics, if he takes it? Will he take it? 


Changes in college physics 


For several years conferences and committees have been working to 
tedefine more carefully the purposes of the introductory college course in 
physics. A major statement of results has been. published: :* 





19K R. Palmer (Chm), “tmprosing the Quahty and Effectiveness of Intreductory Phila 
Counes” Repott of 3 Conference Sponsored by the American Avociauon of Phe Teachers, 
Carleton College, Sept. 1975, 4m. J. Phy, 25, AL E 1957. 
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CONCLUSIONS nr 

1. A thorough and rigorous coverage of a limited number of topics is more 
effective than an encyclopedic and showy introduction co a wide range of subject 
matter. 

2 It is probable that no course of less than six semester hours can present 
adequately the basic concepts of physics at the introductory level. A list of seven 
such concepts ıs gnen as the minimal set that should be covered. 

3. Physics should be taught a» a growing subject and the student should be 
given illustrations of problems on present fronucrs, 

4, Introductory physics courses should be available to freshmen. This may 
make it necessary for the instructor to mtroduce mathematical ideas, such as those 
of the calculus, in order that the subject be developed with the desired intellectual 
rigor. (Later, p 421, the observation is made that "introduction to the concepts of 
calculus does not imply mastery of its techniques.) 

5 Senior and experienced stat members should engage in the teaching of 
introductory physics courses, in the training of teaching assistants, and in experi 
mentation directed at the improved teaching of physics. 


RESOLUTIONS OF THE CONFERENCE 


1, We hold that the goals outlined . are applicable not only to pre- 
engineering courses, but also to all physics courses, whether for physicists and 
other scieatists ot for nanscientists, including those taking integrated courses oF 
general education science courses. 


2 We recommend that the AAPT actively encourage experimentation with 
nonconyentional courses, . . - 


Let ns uncover physics, not cover 11. 

It was the opinion of the conference that a satisfactory introductory physics 
course could be constructed around the following seven basic principles and con- 
cepts and the material leading up to them: 

1. Conservation of momentum. 

2 Conservation of mass and energy. 

3. Conservation of charge. 

4, Waves, 

5. Fields 

6 ‘The molecular structure of matter. 

7. "The structure of the atom. 


Furthermore, these seven principles and concepts outtine the minimum content 
which any introductory course must encompass in order to provide a satisfactory 
treatment of presentday physics . . , 

Whatever the content selected, 1t should: 

1. Consist of sufficiently few topics so that each can be treated with thorough 
ness and intellectual rigor. 


2. Present both classical and modern physics as growing subjects, having 
present day frontiers in all areas. 


3. Contnbute to an understanding and appreciation of the unity of physics 


Three additional papers illustrate courses believed to meet these criteria in 
different types of institutions.t* 


18 Geralé Holton, “Syllabs One- i Enc C 

ven in hers ieee the One hae Cale Chane Is iyscat Sdn 

alter C Michels, "One Year Introd Course i il r ye 

sta ak the i Reker introductory Course in a Liberal Arts College" (BT) 
. hal 


ley, “Three Semester Introductory Cou Majors" 
(Purdue), 4m. J. Phys , 25, 432, 1957. rse for Engineers and Science Maj 
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Science m our day Physical science holds a peculiar position in our culture, 
On the one band through the applcouons of technology and industry it has 
deeply affected our everyday life Since the last world war and the opening of the 
atom age, its impact on society his mercased enormously. It has become a vital 
element of national defense, politics, and international relations. 

On the other hand, science is not as widely appreciated and sought out as 
other cultural elements-like art, music, history, literature—despite the undeniable 
interest that it arouses in nonsaentsts. AI] are familiar with the artistic and lit- 
erary visions of nature. Few realize that there is also a scientific vision, a special 
way of feeling and interpreting nature 

The scientific interpretation of nature ss not private property of science and 
scientists; it ıs part of the intellectual wealth of mankind. To partake of it and to 
derive full pleasure from it, some effort as necessary, as it is for the enjoyment of 
art, poetry, and music, Many who are not going to be poets, painters, of musicians 
spend ume to tram their ears and eyes, to Jearn terms, to understand techniques 
and methods Few make an equualent effort to gain appreciation of science. 

"To the responsible citizen a sound scientific background would also be of 
practical value. An increasing number of issues are affected by science. The re 
sponsible citizen of our days must be able to judge technological and scientific 
questions as he judges polincal questions, by broad limes, even though he does not 
understand the details. To do this, he must have a background, a frame of refer- 
ence in which to fit what he hears and learns. 


The scientific language. Perhaps the most important single bar to easy under 
standing between scientists and nonscientists is the fact that science has developed 
its own language, and some of this language his not yet been assimilated into 
common usage, All human activities have developed special terminologics to sim 
Plify the description of facts, methods, and processes Exen the art of cooking has 
qreated a terminology, for the interpretation of which many cookbooks have 
special glossaries, Navigation has created a richer terminology than cooling. and 
special nautical dictionaries were compiled Parts of these terminologies slowly 
enter common usage and jointly form our common language, others remain con 
fined ın the special fields, 

Science has not only created a terminology to describe íts observations, but 
has also developed a language corresponding to a way of thinking. The scientific 
language is usually more precise and rigorous than common language; it uses 
abstractions with which most people are not familiar; it borrows formulas and 
notations from mathematics. It is molded on a special atutude of the mind, and, 
therefore, it does not easily lend itself to precise translation. Thus, popularizations 
of science are useful to arouse interest and to illustrate achievements, but they 
usually fail to convey the spirit of science; in the process of translation science 


EE Sonnerie Fat the full enjoyment of science at least some of the scien 
fic language must be learned, and the most in whi a 
Me aawa iost appropriate place in which to learn 








Science and high schools. The situation of science in hi 
: e in high schools has been 
recently the subject of many discussions both among the publie and among edu 
cators, and is widely known. For a brief review of it, attention may be focussed 
on three main factors: the student population, the teachers, the curriculum. 
‘The basic pattern of our high schools was set over eighty years ago when only 
a few children went past the elementary school. A much larger proportion of 
children is now attending high school, and the total population of children is 
rapidly increasing Forecasts for the sixties, wh 


he si hen the "baby boom" of the late 
fornes will reach hugh school age, indicate some nme million students at the be- 
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ginning of that decade and some twelve million by the middle of it, as against 
about seven million in 1954-1955. 

‘The number of qualified high school teachers has not been increasing in the 
same proportion. The demand for teachers is already greater than the supply and 
is growing fast This shortage is particularly acute in the case of science teachers: 
industries and government projects recruit more and more scientists so that fewer 
are left for less remunerative jobs. A paradoxical situation has ensued: as the 
impact of science on society is being more and more felt, and the demand for 
scientists 1$ growing, the supply of teachers to prepare them is diminishing. 

The third factor of the science situation in high schools ss the syllabus. Several 
surveys were recently taken by educational groups all over the country. A special 
survey of physics textbooks was carried out by the American Institute of Physics, 
the American Association of Physics Teachers, and the National Science Teachers 
Association. Many of the texts were also examined by the Physical Science Study 
Commautes. AU surveys reached the conclusion that high school physics courses 
present o0 much material, and choose that matertal unwisely.s 

The amount of accumulated physical knowledge has grown rapidly, but the 
time available for teaching it in hugh school has remained the same. The attempt 
to continue to survey the entire field of physics in a one-year course has resulted 
an a loss of depth and coherence. Since the course cannot illustrate the develop- 
ment of ideas for shortage of time, it 1s filled only with results of physics and laws 
to be learned by rote or through mathematical formulas. It becomes hard to un- 
derstand and of limited interest. To enliven at, technological applications are 
often added and thus the bulk of material to be learned is further increased. The 
tendency to dress up science with the applications of its developments may stress 
its practical value, but further dims its cultural aspect. It fails to show science as 
a human activity, as the product of human thought. All the results surveyed in 
physics were obtained through the mental process of human beings: all the laws 
expressed by dry words and mathematical symbols were arrived at by men who 
possessed in high degree such human attributes as vivid. imagination, power of 
abstraction and synthesis, perseverance, and patience. All this is now lost in a high 
school course 

Individual teachers who might Jike to improve the physics course are usually 
prevented from doing so by the existing conditions Science teachers are usually 
overloaded with work: they must not only teach, but also plan, set up, and dis- 
mantle classroom demonstrations; take care of laboratory equipment; counsel 
students; talk with parents; attend many kinds of meetings, and often sponsor 
science clubs and special science activities such as fairs, exhibits, etc. 1E they wish 
to keep up with science and further their own studies, they must do so in the 
summer, renouncing summer employment, which they usually need to supplement 
inadequate salaries. Great load, low salary, and poor status in the community all 
contribute to general dissatisfaction. If, despite these conditions, teachers find time 
and energy to plan new teaching procedures, they usually meet with adminis- 
trators’ resistance to innosations and with lack of funds for purchasing the neces 
sary materials. At the same time, textbooks are generally based on the traditional 
pattern of a physics course, and books deviating from this pattern are not likely 
to be accepted by either publishers or school systems. Thus the traditional pattern. 

becomes more and mote firmly established. 


NATURE OF THE PROCRAM 

The Committee proposes to prepare a program showing physics as an intel- 
lectual activity. The new physics course will not be aimed specifically at preparing 
students for college physics, nor does the Committee expect that all high school 


43 These italics are added. 
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students will take t At present about one-quarter of them take physical science 
and the new course will address ttselj to the same fraction.t* From this group come 
most of our lawyers businessmen, statesmen, and other professionals who will not 
take science in college The Committee hopes that the new course will build a 
sound scientific background in this section of the population; that the resulting 
greater interest in science and better teaching methods will encourage more cul 
dren to take scence in high school and more young people with scientific aptitudes 
to elect scence as their career. 

The Committee gave careful consideration to the possible ways of striking a 
balance between two needs. the need of restricting the material taught in the 
course to allow time for illustrating the scientific method and the role of science 
1n our culture; and the need of giving to a student a sufficiently unified, compre 
hensive, and wide view of the whole field of physics, to satisfy his broader interest. 
To obtain this balance, the Committee will prepare a course and supplement it 
with a series of monographs 

The course will present a reduced amount of material, and will not treat it 
all in the same way Some scientific developments especially lend themselves to 
illustrate the evolution. of jdeas, the interrelotion. of various fields of human 
activities, the scope of physical science. These will be explored deeply, slowly, and 
thoroughly The field of optics and waves and that of mechanics have been chosen 
for this kind of treatment. Other parts will require broader coverage: thus the rote 
of atoms in the physical world will be illustrated in many examples throughout 
the course. Other parts will be only surveyed. In order to stress the unity of physic. 
and the coherence of physical 1dcas, the course will be focussed toward a unified 
picture of nature, the atomic picture. Thus the student will learn not only the 
physics of the past, but also the physics which 15 being evolved by men of our 
generation; which 1s affecting his present and his future; which is still an open 
field whose many paths leading to the unknown he may etect to follow. 

‘The monographs will supplement and extend the course in awakening and 
satisfying the students’ interest in physics and related subjects. Certain material 
that 1s traditionally taught is omitted from the textbook or offered in reduced 
depth or detail; the monographs will make it available to those students who seek 

it Beyond this, they will cover historical and. biographical material, certain ad 
vanced topics that may appeal to the brighter student, technological application’, 

‘how to-do-it” subjects, and accounts of especially stimulating periods in the his 
tory ot science. Each will be written by a qualified. person, in his own style and 
according to his own views; the student can thus become acquainted with a wide 
range of viewpoints and approaches Altogether, the monographs will constitute 
a sizable hbrary of low-cost, paper bound books from which a student may bor 
row, or volumes of which he may buy for himself. s 


Tools of the program. In the preparation of the tools to implement the 
course, the committee 1s guided by two sets of considerations: 


1. The most effective way of teaching physics ss to use several methods and 
media concurrently Some parts of physics, like historical evolution of ideas, 
mathematical deductions, etc, can best be learned if read over and over. The 
significance ot physical phenomena, on the other hand, will best be understood 
uf the phenomena are seen over and over again. And the experimental method 
can be mastered both by seeing how demonstrations are prepared and car 
vied out on film and in the classroom, and by actual experimentation im the 
laboratory, 

2 Students must learn physics not only through the formal teaching, but 
also by doing physics. Teachers must encourage and lead students to work 


16 These ttalics are added. 
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independently, to make their own observations, and to push forward the 
frontiers of their knowledge. Students must listen and see in the classroom, do 
and advance in the laboratory and at home. Teachers and students must col- 
laborate. In order to obtain the best results from this collaboration, there must 
be a carefully planned division and correlation of work between teacher and 
student. Experiments to be done by students must stimulate their interest and 
challenge their ingenuity. Thus experiments must not be too specialized, not 
so hard as to discourage students, and yet not so easy as to become routine work. 


Among the materials which the Committee is preparing for both teachers and 
students are a detailed syllabus and a textbook, films and filmstrips, manuals for 
teachers and for students, suggestions and equipment for classroom demonstrations 
and laboratory work. kits for students; questions for tests and exams, for use both 
in the course and for college entrance examinations; placards, etc. All this material 
will arm at the same goal: to show physics as a product of human minds in the 
pursuit of truth, an. activity which has evolved through the centuries and is still 
evolving and which has created a philosophical structure and a particular way of 
thinking. 

There is no need to explain these materials in detasl, and a few words will be 
said about a few of them only. 


The films. Approximately one-fifth of classroom time will be given over to 
films. These films will be an essential part of the teaching learning process. They 
are not intended to provide entertainment, or to make physics more “palatable.” 
They will serve as follows. 


1. To call attention to phenomena of common occurrence, but usually not 
seen because they are not obviously related to Known causes. An example of 
such a phenomenon is the interference color in an oil film on water. 

2. To show unusual natural phenomena: an eclipse cannot be shown at 
will, but the movie can be made readily available. 

3. To present demonstrations which require special apparatus and tech- 
niques and cannot be performed in high school laboratories, or which require 
more time for setting up than the teacher has available. 

4, To show details of experiments through close ups and slow motion, 

5. To make it possible to show these phenomena and experiments over and 
over again. 

6. To supplement graphs and illustrations through the use of animation, 


The manuals. The radical change 1n the philosophy and methods of teaching 
physics in high school will place a burden on teachers, They must acquaint them- 
selves with a new point of view and master new techniques and materials, To this 
end, the Commuttee will prepare a manual which will illustrate the aims of the 
new course in detail and explain the reasons for the pedagogic choices; point out 
ways 1n which the aims of the course may be achieved, offer suggestions for further 
examples and work not included in the text; give technical instructions on the 
use of certain teaching aids like films and demonstration materials. The new ap- 
proach to teaching will give rise to a number of questions from students for which 
teachers may not be prepared; the manuals will therefore provide a list of likely 
questions and ways to answer them. 

"The manual for students will indude basic questions meant to lead them to 
constructive thinking; supplements to the films, which will integrate the subject of 
each film in the course; workbooks and test books. 


Kits for students. It is hoped that many students will want to work on their 
own and experiment in various fields of physics. The Committee will make avail- 
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able a certain number of kits at low cost, containing materials and eee 
for building simple instruments and guidance for their use, There will be, rd 
example, an optical lut with lenses, prisms, tubes, supports, color charts, etc; ^ 
student will be ble to bunld telescopes, cameras, etc., and use them to make hs 
observations 


Exams. Any change in a hugh school course must be reflected in she exams 
that the student will be asked to take, and especially in the college entrance 
examination The Committee is taking steps, and making good progress, ta 
achieve complete coordination between college entrance tests and the new pie 
gram of high school physics. 


Procedures. In the working out of this program, the attive collaboration of 
the educational profession is being used. Educators and high school teachers are 
heavily represented on the Committee, and science teachers in limited numbers 
have been recruited for full ume work Some preliminary material is now being 
circulated among working teachers for comment, and procedures have been estab 
lished for continued development of the concepts of the Committee inside the 
classroom A preliminary edition of the textbook 1s being used in a limited number 
of classrooms during the academic year 1957-1958, an increasing amount of new 
laboratory material is beng prepared and will be available. 7 

The Committee feels that the widest possible dissemination of rs work is 
necessary if it is to profit from the experience and the skills of the teaching pro 
fession, and the scentsfic community. Consequently, it intends to make available, 
upon request, details of its activities jn the various phases of its program. Progress 
reports on the program as a whole will be published at regular intervals, and will 
provoke, at is hoped, comments and suggestions 


SPECIFIC OBJECTIVES [OF THE PROCRAN] 


In teaching the physical sciences certain objectives must be kept in mind, and 
the subject matter must be organized so as to bring them into evidence. They are’ 


1. The unity of physical scence Physical science arms at interpreting the 
world around us It cannot be divided into many independent fields because the 
phenomena it covers are interrelated This can be seen by the fact that certain 
Jaws, like the conservation of energy, apply 10 a very large range of phenomena. 

2. Coverage. A course which docs not give a fairly wide picture of the role of 
atoms i the physical world is essentially incomplete. Broad coverage on atoms 
and their use in examples is therefore desired throughout the course. 

In order to show the coherence and power of physical ideas, certain narrower 
fields must be explored deeply, slowly, and thoroughly. The two fields of optics 
and waves, and of mechanics are chosen for this kind of intensive treatment. 

3. Regularitres. The observation of regularities in physical phenomena 1 


necessary before laws covering the phenomena or models underlying them can 
be established. 


4. Many independent arguments for one law, 
many independent arguments should be used to hel; 
the laws ate founded. 

5 Models, Models are often useful to 
behind observed phenomena. Th 
which can then be investigated 


6, Deduction of phenomena from laws From Iaws established to correlate one 
set of phenomena or more, we can deduce many other physical conclusions We 
should make many deductions from the laws to show their power aud scope. Even 
the simplest physical law, such as the law of refraction, can be extended from à 
few cases to many more complex cases. 


In establishing physical laws 
ip show the solidity with which 


put a possible explanatory background 
ey often suggest relations between phenomena 
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7. Limitations of laws. Over the range of phenomena and within the range 
of accuracy for which they are established, our physical laws are not subject to 
future modification. The range of validity of a law may indeed extend beyond 
the phenomena on which it was originally based, but the applicability of laws is 
usually limited. 

8. New models include the old. New models and more refined laws are occa 
sionally established to extend the range of applicability to include new phenomena. 
‘An old model may thus be superseded by a more refined one, but we wish to stress 
that the new model includes the old. 

9 Controversy. Controversy played an important role in the evolution of 
science. Examples of famous controversies and their significance in relation to 
their umes will make it possible to tie science with history. In this respect one may 
point out that ideas and interpretations that have been discarded are still consid 
ered “scientific.” The Ptolemaic model of the universe had its role and its use in 
the development of the Copernican model. 


‘TENTATIVE OUTLINE OF THE COURSE 

‘The first day of the meeting various groups presented outlines, parts of out 
lines, or views on. preparing outhnes Their approaches proved to be different 
more in appearance than in essence. The morning of the third day an outline 
was worked out at the meeting and fully accepted by it. 

It was agreed that physics would be more meaningful to the student and its 
unity would. be stressed if the presentation of the subject matter were focussed 
toward one goal, and that this goal ought to be the atomic picture of the universe. 
‘This does not preclude specific goals for single parts: the Newtonian picture of the 
universe can still be taken as the goal of mechanics. The atomic picture will show 
physics as an open field of knowledge, where much has still to be done, rather than 
as a closed discipline.t7 





I The unwerse and other things Ul. Mechanics 
Sizes and numbers Inertia 
Structure of universe ft = mav 
Atomic structure of matter Mass; force; kinetic energy; conser- 
"Molecular interpretauon of vation jaws 

chemistry Gravitation from planetary motion 

Size and numbers of atoms Kinetic theory of gases 

IL Light waves Coulomb's law; F = eE; F = ev X B 
Rectihnear propagation Induction on moving conductors 
Reflection IV. Atoms 
Refracuon Discreteness 
Corpuscular and wave models Electron charge 
Mechanical waves Nuclear model of atoms 
Interference Size, charge, mass of nueleus 


Measurement of wave length 


In this order the emphasis moves naturally from the kinematic toward the 
dynamic description of phenomena. 


The applied physics course 


For the nonacademically minded (the science shy), or for those whose 
high school education is terminal, or for those going on to college but with no 
further interest in science, physics certainly has value in its major develop- 





33 The extreme tentativeness of this outline is to be stressed. It is being revised daily, 
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TABLE 14-3. An opplied physics course * 


I Electneny Much af the work of every 
day hfe 15 performed by electricity 

Lamuhar uscs of dieetit) 

Safety procedures and devices 

Home appliances 

Circuits used in home winng 

Geneanon and supply of electric 

current 


mocu» 


IL The automobile An application of 
physics that has vastly increased mans 
mobility 
A Pants of the automobile 
B The engine 


ERR ESSE 


IV Hobbies Science gives us greater un 
derstanding and enjoyment of the hob- 
tues with which we occupy our leisure 
ume 

A How mune is produced 

B The phonograph 

C Tape, wire, and film recording 

D The camera 

T. Dirkroom techniques 

F Home movies 

G Model making and operation 

H Amateur science 


Energy. ising has been made easier by 


C The fuel system harnessing the world s energy supply to 
D fgmuon do our work. 

F Vahes A. How work is done 

T Cooling system B, Power drven machines 

G Power tow C Types of energy 

H. Control devices D, Availability of energy and the stand 
I Safe driving ard of living 


J Care of the car. F. Development and nse of the worlds 


Tf Engines: With which man does his energy supply 


heavy work, and which make rapid VI. Atomic energy: Science has succeeded 
transportation possible, make use of in releasing the energy of the atom 
the principles of apphed physics with dts tremendous possibilities for 
A Types of engines peace and for war. 

B. The gasoline engine A Ongin of atomic energy 

C Diesel engine B. The atomic nucleus 

D. Jet engines C Production of nuclear energy 

E. The rochet D. The chain reaction 

T The steam turbine E. Peaceume uses of nuclear energy 


G The steam engine F. Problems of international control 
j ei 
H. Advantages and disadvantages 


* New York City syllabus in applied physics 

ee 
ment as general education. Yet the regimen of the typical college-preparatory 
course has not made physics “palatable” for such students. 

An effort to proside for such students has come in the introduction of 
courses in applied physics Here, the emphasis is placed, not on the theory of 
concepts behind various phenomena, but on their applications, Mathematics 
15 minimized. One need not be able to state Pascal's principle in order to 
appreciate the operation of the hydraulic press or brake; neither is an un- 
derstanding of the mathematical statement of the principle essential to the 
student One need not know how to calculate efficiency in order to observe the 
benefits of a pulley. To Lnow the mathematics of image formation in a plane 
mirror is not required in order to appreciate the properties of that image. 
‘The course in physics abounds in topics whose “teeth can be drawn” so that 


the student can learn to appreciate the values of the subject matter and to set 
why others might desire and use mathematical for 


zi: mulations for more precise 
predictions, 
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VIL The airplane: Applied physics has N. Heahl 






Science has given the physician 








opened up the air as a highway of tools which to diagnose and fight 
commerce. disease and to improve health. 
A. Parts of the airplane. A. Doctor's diagnostic tools 
B. How the wing provides lift B. Clinical thermometer 
C How thrust is obtained C. Stethoscope 
D. Supersome airplanes D. Flectrocardiograph 
E Controls E. Sphygmomanometer 
F. Safety on the air and at the airport F. X-ray 
G. Microscope 


VIN Flectronics: Discoveries in the field of 
electronics bave pven us radio, tele- 
sison, and other communication de- 


H Radiation therapy 
1. Fregiasses 


vices. Xf, Hearing: Science has enabled man to 
A. Essentials of the radio recener apply the principles of sound to im- 
B Tuning prose his range of hearing 

C The vacuum tube as amplifier A. Factors affecting hearing 

D. The speaker B. Improvement of hearing 

E. AM and TM C. Improvement of audibility 

F. The television set. D. Acoustics 

G. The picture tube F, Sound recording 

H. Radar F. High fidelity 


va i du 
iéSrenpeniu: "Applisi pha. hay G. Ultrasonics and its applications 


given us devices for controlling tem- XUL Vision: Physical devices widen the 


perature 10 the home and in industry. range of information and enjoyment 
A. Refrigeration that we receive through our vision, 
B Cooking and heaung processes A Factors affecting sight 
C Thermometry B. Operation of the eye 
D. Industrial temperatures C. Tipes of eyeglasses 
E. The electric refrigerator D The amera 
F, The electric furnace E Projectors 
G Welding F. Motion pictures 
H. Fuels G Stroboscope 
1. Air condiuoning H Telescope 
I. Color and the spectrum 





One danger exists in the construction of such courses. If they are made 
by taking a college-preparatory syllabus and selecting the topics we teachers 
believe will be of value to the student, we are very likely to construct a syl- 
labus which is a fair replica of the original (replete with technical vocabulary) 
which will defeat the purpose of the course* A course in applied physics 
should instead be built from the ground up, with the student as the focus, and 
it should be coupled with a view to the needs and interests of the students. 
What might be a suitable set of problems in a big city might be quite un- 
realistic in a farming or mining community; what might be suitable for a sea- 
coast town might be unsuited to an inland community. The outline (see 
Table 14-3) of one course in applied physics allows us to examine the sub- 
topics; these give the flavor of the word “applied” in the course. Compare this 
with the college-preparatory course in Table 14-2. 





18 We are reminded of a teacher in such a course who said he taught “applied physics” 
when the principal came to visit, but otherwise he taught “physics.” 
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Summory 


We can illustrate at least fve kinds of biology courses (see Chapter 12), 
and innumerable courses in general vsence (see Chapter 15), and several 
courses in chemustrs (sce Chapter 13), although the majority are similar to the 
wo called college prcparatory courses Yet we can find few variants from the 
so called college preparatory course in physics. Changes are, however, in the 
wand, wz, the work of the Plusical Scence Study Committee. 


Frames for developing a course in physics 


As we have indicated, thae are as many ways of designing a course as 
there are of skinning the proverbial cat, although we probably use our in 
genuity in shinning a cat at least as often as we use it in solving this problem 
of education That pattern followed by the teacher in his student days is not 
necessarily the best experience, and it certainly is not the final experience. 
There are, as in the other courses we have discussed, various frames of refer. 
ence which help in designing one’s own course. 


Conceptual schemes as a frame of reference 


Physics bas a flavor which arises out of the concepts and principles which 
are peculiar to it alone. Thus: 


A body immersed in a fluid suffers an apparent loss in weight equal to 
the weight of the fluid displaced. 


Pressure applied to an enclosed fluid is transmitted unchanged in all 
directions, 


At constant. temperature, the volume of a gas varices inversely with its 
pressure. 





Tor every force there is a "reaction" force, equal i 
site in direction. 


Heat may be (partially) converted into useful work by properly designed 
machines. 


magnitude and oppo 


When a magnetic field is cut by a wire, an electromotive force is in- 
duced in the wire, 


An electric current in a wire consists of motion of electrons. 
‘The sum total of matter and energy in the universe is constant. 


Light, x rays, ultraviolet, radio waves, etc, can be considered to be elec- 


tromagnetic radiations which travel in transverse waves and do not require a 
medium of transmission. 


But all these may be summarized briefly. If biology places emphasis on life 
processes and the conceptual scheme of continuous organic change, while 
chemistry lughlights the structure and changes of substances, then the keynote 
of physics is energy. It is therefore possible to subjugate all of the foregoing 
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(and many other) statements into one broad conceptual scheme: "Within the 
uniserse the total quantity of matter and of energy is constant; under extreme 
conditions matter and energy can be observed as interchangeable.” This would 
of course be subdivided into other concepts and principles (which would in 
turn be subdivided}. Thus: 


l. The physical properties of matter, €g., inertia, gravitation, etc. 
2. Atomic structure 
3. The concept of energy 

a. The forms of energy 

b. Translating energy into work 

c. Matter as frozen energy—E = me? 


Such a scheme provides a common denominator for any and all aspects 
studied. Rather than a study of light, heat, and sound as separate and distinct 
topics, we have an organization which studies them together, thus emphasizing 
both their similarities and their differences. The claim will be made that 
this is also done in the traditional course of study where these are studied 
separately and their features then brought together, generally in the form of a 
table, but, in this treatment usually the “tail wags the dog.” It often amounts 
to nothing more than a compilation of facts with the unifying concept never 
seen or comprehended. 

Boyle's law would not now be a particular manifestation of gases; rather, 
it would bear relation to the kinetic energy of molecules. Friction in a ma- 
chine and resistance in a wire would now be comprehensible in terms of 
degradation of energy. These conceptual schemes enable the teacher to cut 
across the relatively rigid structure of physics and treat it as a whole.* 


Topics as a frame of reference 


Select a syllabus (or textbook) in physics at random. Unlike general science 
or biology, more like chemistry, its organization is highly predictable (see 
Table 14-2). There will be five topics or “blocks,” one each on mechanics, heat, 
light, sound, and electricity. To these has often been added in recent years 
a sixth, on nuclear energy. These will be subdivided further into logical sec- 
tions; the “logic” is of the formal, after-the-discovery type. Thus, the broad 
field of mechanics will start with an introductory portion on the properties 
of matter of interest in physics, and will be followed by material on the 
metric system, laws of motion, mechanics of gases and liquids, work, energy, 
poner, and machines. That of electricity will be divided into magnetism and 
static electricity in one part, and “current electricity” in the other. Later 
treatments have amplified the treatment of alternating currents as applied in 
radio and television. 

Such an arrangement may be detrimental to the teaching of physics, in 
three ways. Fifst, it divides the subject in such a way that the student is often 





19 Sce the recommendations of the Physical Science Study Committee, pp. 297-98 as a guide. 
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it has severe limitations. A topical plan does not indicate the intent of the 
instruction. Neither does it indicate in detail the content. A topic such as 
“heat” or “levers” does not specifically inform another teacher what ideas will 
be included, what context will be employed, how detailed the treatment will 
be, or where and how this topic will touch the lives of the students. The fact 
that most physics teachers well get a fairly clear idea of what is implied by 
topics like “levers” and “heat” is evidence of the standardization of the course 
that is taught irrespective of the audience. 


Problems as a frame of reference 


Whatever means we use to teach physics will necessarily result in the 
accumulation of a store of facts and principles. But what they will mean to 
the student, how well they will be understood, what values they will have later 
will depend not on a recall of the facts or principles as such, but on the way 
in which the student has been led to them and the variety of contexts in which 
he recognizes them as applicable. Consider the following cases. 

A student 1s called to the demonstration table to use a claw hammer in 
removing a four-inch nail which has been driven deeply into a block of wood. 
He soon discovers that the removal becomes more difficult as the nail is with- 
drawn. He himself is aware of two questions. Why does this happen? What can 
be done to make removal of the nail easier? 

Or a small model of a fish is placed at the bottom of an aquarium tank 
filled with water, and the student, in imitation of a spearfisher, is asked to 
push a slender glass rod through the water to strike the fish, working from a 
number of angles. He misses repeatedly, except from straight overhead. 

Or a 20-ampere fuse has just “blown” and you have only 15-ampere fuses 
for replacement. Can they be used? 

These situations will bring into play a host of the facts and principles 
that are the domain of physics. But they will have arisen out of a problem; 
they will have originated not in artificial questions propounded to initiate the 
study of a predetermined topic, but in an honest-to-goodness situation which 
may have confronted, or will confront, the student in his life. Now we involve 
the interest of the student and increase his effort to understand, And to answer 
these questions, he must utilize known facts and principles or discover them 
by further questions and experiments. The inductive method comes into play, 
and with it, understanding, appreciations, and attitudes. Emphasis on dealing 
with real problems helps in concept attaining, even if it is just “problem doing” 

(see p. 27). Problems can be used in many ways: 


1. Problems can be used to develop interest in a topic. There is the prob- 
lem of the spearfisher stabbing for “fish.” Snell's law applies, but the students 
discover it for themselves, or see its meaning. 

2. Problems may serve to apply facts and principles. If students who 
have previously, possibly in general science, learned the facts and principles 
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of the lever are contronted by the hammer and nail experiment, the teacher 
tand the students) will then know whether they have understood the principles 
or simph memot zed the “facts” Where there is understanding, there is ap- 
preciation of the practical sigmficance of the knowledge and where it is 
applicable. 

3. Problems may serve to test understanding. A beaker two-thirds full of 
water and a 200-gm metal weight are counterpoised on a scale. If the weight 
is placed im the beaker so that at is fully submerged, will the weight increase, 
decrease, or remain the same? Or copper and tungsten wires of the same di- 
mensions are connected, first in series and then in parallel. If 110 volts is now 
applied to each combinatton, which wire will be heated to melting first? 

4. Problems may be used to stimulate individual study and research 
Many new problems appear as the student shows curiosity regarding the his 
tory of scientific developments. How was the size of a molecule first determined? 
How can the wave length of visible light be measured? Does Boyle's law have 
any practical value? The problem situation then has value in terms of needs 
and interests. 

5. Problems may be used to develop a point of view, Whose point of view? 
"The student's of course; and in helping the student develop a position, the 
teacher may change his. For instance, some topics cannot be demonstrated. 
But a film may be used to raise the tremendously pertinent question of the 
use of the physicist’s great contribution: atomic energy. By allowing full but 
informed discussion, the teacher helps the student build a point of view. 





Needs ond interests as a frame of reference 


‘That material which will be of greatest interest and value to students will 
(Q help the student the better to understand his own behavior; (2) help to ex: 
plain, through reference to larger underlying principles, the common phenomena 
and devices of his own environment. Material that does not meet these criteria 
becomes of suspect value and may be considered for deletion *? 


Apply these criteria to such topics as the laws of capillarity, images in a 
concave mirror, Lenz's kw, the formula for centrifugal force, and the relation 
among image distance, object distance, and focal length in a lens (as usually 
presented), and these topics are found wanting. 

On the other hand, a course built around the automobile will introduce 
the elements of hydraulics, mechanics, and electricity in a manner that arouses 
interest and satisfies needs. This idea has often been suggested in the statements 
of a syllabus, but the matter has rested there. Occasional reference is made to 
the automobile (or other theme of interest), after which the work reduces (0 
the usual treatment of the areas mentioned. To be effective the central theme 
must remain central; all of the areas must be integrated around it. 


32 A lst of films is available in the accompanying shah 
A Sourcebook for the Physical Sctences. M dump Hu SM MO 


22 NSSE, Forty Sixth Yearbook, op. et, p 210. 
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College teachers have often introduced novel and interest-holding central 
themes. For example, at Brooklyn College, Peach ** designed an introductory 
course around a model railroad, which ran on the table at varying speeds, 
pulled loads, turned corners, puffed smoke into a “wind,” etc. 

No two courses based on needs and interests should be alike, because this 
type of course should be fitted to the group being taught. It should be capable 
of change “at a moment's notice.” A course of this type based on the needs and 
interests of students in a rural community is presented in the “Excursion” at 
the end of the chapter. 

What are some of the typical studies in physics that may be stimulated by 
needs and interests? Is there a photographer in the class? Challenge him to 
take an actual photograph with a pinhole camera. His results will reap a wealth 
of information regarding optics apphed to the camera, but he will have ac- 
cumulated this out of genuine interest. Are there musicians in the class, or a 
schoo! band or orchestra? Have students sound an A on the violin, clarinet, 
trumpet, etc.; the meaning of the quality of sound will become clear. But 
there also arises a stimulus toward finding out why the qualities differ. Is 
there a radio “ham” in the class? Put him to work demonstrating the action 
of various stages of a set, etc. While these activities may arise initially out of 
the needs or interests of a single (or a few) student(s), they accrue to the benefit 
of the class as a whole. Latent interests appear, for the adolescent is interested 
in the undertakings of other adolescents. What they report or demonstrate will 
receive more earnest attention than the same material presented by the teacher, 
Questions from the class will reveal the limits of clear knowledge and stimulate 
further study, 


Historical approach as a frame of reference 


Some teachers prefer the historical approach. Even here the student can 
be stimulated to think reflectively. For instance, note how Galileo's discoveries 
may be used as a resource. 

Ask a student what he can say about an object dropped from a height. 
He knows (from experience) that the longer it falls, the faster it will fall. Now 
ask him how he would measure the changing speed, but here, take him back 
to 1600, There is no high speed photography, no electrical timing device, etc. 
Now, how would he do it? And so the student is confronted with the same 
problem that faced Galileo. A wealth of appreciation results when the student 
learns how Galileo employed an inclined plane to study the phenomenon in 
“slow motion,” as well as the realization of a subtle point: the fact that an 
object descending on an inclined plane is also a falling body. 

Or consider the pendulum. Very definitely, the formula represents cold, 
hard fact, but how was it discovered? Start with Galileo, kneeling in a cathe- 
dral, attracted by the slow swing of a chandelier overhead. How long does it 





23H. Peach, “Complete Physics Course Through Model Trains,” Am. J, Phys. 20, 514, 
1952, 
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take for one swing? How 1s he to measure it? Here the student gets an appre 
ciation of scientific ingenuity as he too times the swing of a pendulum with 
hus pulse beat After the experiment has been refined with a stop watch, what 
other aspects might be studied? And here the student suggests the weight of the 
bob, the length of the pendulum, the nature of ats materials, etc. It is not long 
before the relevant facts in the motion of a pendulum are discovered by the 
students, a study of the data ıs assigned for homework with a view to aseet- 
taining any regularity (law) involved. This approach has made the student 
the center of attention by identifying him with Galileo, whose intellectual 
footsteps he has been led to retrace There will be not just a recall of facts 
and principles stated in a book or by the teacher, but a deeper understanding 
augmented by appreciations, attitudes, realization of method.?* 


Special considerations in teaching physics 


The flavor of the course 


By virtue of its accent on energy, physics has one point of similarity with 
chemistry. None of the properties which fall into its domain can be ascertained 
until something is done to, or with, an object. Physics and chemistry are based 
on active verbs, The property of inertia is not evident until we start (or stop) 
car; expansion and contraction are meaningless until the temperature changes: 
the refractive index of a piece of glass is not apparent until light passes through 
it, the rectifying properties of selenium or cuprous oxide cannot be realized 
until an alternating current is applied to it. 

But there is an additional feature of physics on which all students will 
agree—its ideas are subtle. We expect the heavy object to fall faster than the 
hight; but it doesn't, We learn that light is transmitted by a wave motion; 
but if ic can pass through a vacuum, what is it that "waves"? We learn that a 
body submerged in water apparently loses weight, and we expect it to lose 
more weight on being submerged further; but it doesn't, We pull on the 
window pole or push on the lawn mower with a single force; yet this can now 
be divided into two forces. Ice water ought to cool tea and coffee as fast as ice 
does (it has the same temperature), yet it doesn't, And so on, ad infinitum. It 
is this subtlety in the facts, concepts, and principles of physics that may account 
for the impression on the part of many students (and unfortunately some 
teachers) that physics is a "hard" subject. But the answer should be positive, 
not negative. The methodology of physics teaching should be challenged to 
make this feature an asset, not an obstacle in the work. Problems which the 
children state will be attacked with enthusiasm by the "classroom detectives.” 

Projects that flavor the physics course differ from those in other sciences: 


24 A good example ot how this approach can be apphed to physics (and any other science) 


will be found in an unusual i: H 
Saence, Houghton Mie E tbe college level: L. W. Taylor, Physics, the Pionee? 
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"The use of oil films in determining the size of molecules. 
Experiments with Newton's rings. 

Construction of wind tunnels and air-stream speed indicators, 
Construction and use of a stroboscope to study motion, 
Crystal, tube, and transistor radios. 

Photocell experiments and solar batteries. 

Construction and calibration of thermocouples. 

Resonance among coupled pendulums. 

Construction of a device to show a free fall of 4 feet in 14 second. 
A homemade Prony brake for horsepower measurements. 
Perpetual motion machine models. 

Center of gravity experiments. 


The place of laboratory work in physics 


The Kinship between chemistry and physics also extends to their problems; 
for everything that presents a problem to the teacher of chemistry (Chapter 
18) also poses a problem to the teacher of physics. Thus, we have to choose 
our own blend of individual laboratory work and demonstration to help in 
concept attainment.?5 

Without going through the argument (p. 276) again, it is abundantly clear 
that both the laboratory experiment and the classroom demonstration have 
a central place in the high school science program. They present firsthand 
evidence. A considerable body of research has failed to reveal that either teach- 
ing technique is so inferior to the other as to justify abandoning it. Each has 
its utility, but for different purposes. In cases where the laboratory lesson ap- 
peared fruitless, one might suspect that laboratory ineffectiveness is not due 
to inherent weakness in this form of pedagogy, but to unimaginative, unin- 
spired, and generally unsound patterns of laboratory procedures which should 
be re-examined and reconstructed in terms of the changing character of sec- 
ondary school science education.** 

Apparently no sizable study of the effectiveness of laboratory work in 
secondary school physics (like that of Horton in chemistry) has been made. 
College teachers have, however, been seriously concerned about the “payoff” 
on laboratory work in physics, which requires much instructional time, space, 
and money. Kruglal with others has carried through a series of investigations 
attempting to isolate, through both performance tests and paper-and-pencil 
tests, some evidence of what is learned in laboratory work.*? Thus far the study 


23 Five articles on laboratory work in general appear in the National Association of 
Secondar)-School Principals Bulletin, 37, 191, Jan. 1955, beginmng on p. 96. 

2^ For an interesting account of how one thoughtfnl physics teacher gradually changed 
his approach to laboratory worl, sce R. W. Lefler, "The Teaching of Laboratory Work m 
High School Physics" School Science and Mathematics, 47, 531, 1947. 

37 H. Kruglal and others have written a number of artides summing up the indications 
of the results of these investigations. This series on evaluation of laboratory work appeared, 
over a period of five years, in the American Journal of Physics as follows: 19, 223 and 546, 
1951; 20, 186, 1952, 27, 14, 1955; 22, 442 and 452, 1954; 23, 82 and 257, 1953. See also H. Kruglah. 
“Some Behavior Objectives for Laboratory Instruction,” Am. J. Phys., 19, 223, 1951. 
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number choose to do a sixth experiment, even though it cannot be counted 
toward their grade and comes at the inconvenient time when semester exami- 
nations are being held. 

Such science laboratory work stimulates a high order of learning by doing, 
consistent with modern educational psychology. But there is another problem 
which flavors the teaching of physics, even more than it does chemistry. This 
is the abundance of mathematics. 


The place of mathematics in physics 


Mathematics, like laboratory experimentation, also offers difficulty in 
physics, but not for reasons of expenditure or administrative schedules. The 
mathematical side of physics is often a stumbling block even to intelligent 
students. 


It might be supposed . . . that the values of science instruction which are 
our primary concern m general education might be conveyed more successfully 
without these elements {direct observation, experiment, and mathematical reason- 
ing). What cus nouon fails to appreciate, however, is that direct observation and 
precision are among the most important values and basic ideas that science should 
contribute to general education. 

What might be conveyed without them is not only not science, but in a very 
real sense anuscrenufic. It comes perilously close in spirit to the scholasticism with 
which modern scence broke at its very inception. It possesses the typical scholastic 
reliance upon verbal authont—in this case the authority of the wnter of scienufic 
texts-it has the same predominantly deductive logical structure, and the same 
preoccupation with words rather than with the objects and processes which they 
only imperfectly symbolize. The thought that an understanding of science might 
be conveyed as well or better without direct observation, experiment, and mathe- 
matical reasoning moles a fundamental misapprehension of the nature of 
science.® 


“Very well,” one might say, “but the fact remains that students in physics 
cannot handle the necessary mathematics or in some cases are afraid of it. 
What shall we do then?” 


Many science teachers complain that their pupils have not been adequately 
prepared by the mathematics teachers. In the opinion of numerous educators, the 
mathematics teachers have just as much reason to say that the science teachers 
have not prepared ther pupils properly . . . The transfer of the mathematical 
concepts taught on a symbolic basis in the mathematics classroom, to the social 
and scientific applications is left to the pupil. Unless a definite effort is made to 
assist him in applying mathematics to science, he will continue to fail to sole 
equations and formulas which arise in the science classroom even when he has 
kad Netle trouble in soluing the same basic problems in the regular mathematics 
classroom? 


What is the teacher of physics to do about this situation? Mathematics 
remains a language; we speak in numbers and equations as well as words, 


31 General Education in a Free Society, Harvard U. Press, Cambridge, 1946, p. 153. 
31A. J Hall. "Relations Between Science and Mathemaucs in the Secondary School," 
Nat'l Assn. Sec. Sch. Prins. Bull., Jan. 1955, pp. 95, 91. 
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What has been forgotten by those who use mathematics as a tool is that a 
"foreign" language must be translated. Certainly the competent teacher of 
mathematics teaches his pupils the applications of their work in other fields, 
but he too s subject to the same rigors of a syllabus and schedule which are 
the lot of the physics teachers. Regardless of his efforts, the pupil coming to 
physics meets the mathematics in a new context. The teacher of physics will 
find it useless to claim that the students have been poorly prepared; they are 
captive 1n his class. He may, of course, fail these students, but this is hardly 
an answer. It remains instead. hus opportunity, een his obligatíon, to teach 
those mathematical concepts which are fundamental to success in physics. 
For example: From teacher demonstration, the class has gathered data for 
Boyle's law. What do they show? A graph of the data will reveal a possible 
relation between pressure and volume. When this is checked further, the 
familiar relation will be discovered. In our eaperience, students have often 
found this to be the first ume when actual data obtained from experiment has 
been graphed, The graph comes alive. Students will often indicate that this is 
the first time they have understood a graph and understood the meaning of 
“inversely proportional.” The student does not come “ready made.” We must 
assist him in all phases of our particular course, whether it be mathematics, 
English, or habits in general. The behavioral objectives of education remain 
with us (p. 86). 

For a mathematical description of the world to have any significance to 
the student, the critical aspect is the search for meaning. The course must be 
taught with some questions always foremost: What goes on here? What pattern 
can I find? What can I predict and how well? In more elegant terms, the stu- 
dent must be searching for a function, a clean, concise description of a rela- 
tionship among the aspects of the problem selected as probably important. 
Initially this will always be a qualitative description: As the pressure rises a 
gas gets squashed or compressed. Then follows the nicer question: By how 
much? This second question stimulates a desire for quantitative information 
and perhaps a mathematical relationship, or “going-togetherness." Such a 
numerical or algebraic description is needed to permit predictions of “how 
much." Not all children will wish to go that far with each question, but they 
should see how the mathematical descriptions are desired and evolved, and 
why they are so useful. 

____ From this analysis several conclusions appear. First, the student must be 
interested in the phenomenon; he must want to know something about it, 
qualitatively or quantitatively. Therefore, the initial context in which the 
problem arises must be significant to the pupil Secondly, the qualitative 
analysis of "what sort of relationship do we have?" must always precede the 
quantitative. IE no pattern seems present among observations of temperature, 
pressure, and volume of a gas, there will seem to be no point to Joohing for # 
quantitative result. This point is often overlooked by hurried teachers. Thirdly, 
with interest, a qualitative relationship in mind, and data, time must be allowed 
for the student to uncover a mathematical description and to test it. Time 
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will also be needed for the comparison of various results, for not all students 
will achieve the same answer. Which is better? What are the criteria of "better- 
ness"? Does it satisfy more closely the existing data? Does it predict more 
exactly conditions later confirmed by experiments? 

To many teachers a procedure such as this seems painfully slow. Since the 
answer (law, etc.) is known, why not tell it to them and get on to something 
else? Such a process, all too commonly used, leaves the student out of the crea- 
tive activity. He may remember for a time, but he has not identified with the 
study; it is not his. Often he does not care or really understand; forgetting is 
rapid. The approach we have outlined is at first very slow; the student is be- 
ginning a whole new art in scientific work. But as he practices this approach, 
he sees his own pattern of learning and can apply it with increasing quickness 
to later problems. He is “learning how to learn.” 

By a search for functions, we mean the type of insight and logic which 
Faraday used in his monumental investigations. Lacking in formal education, 
Faraday used little or no algebra in describing his results. Yet he searched for 
the essential attributes (qualities) within the phenomena and found those which 
went together and in what kinds of patterns. James Clerk Maxwell, who ap- 
plied mathematics to many of Faraday’s results, said: 

As I proceeded with the study of Faraday, I perceived that his method of 
conceiving phenomena was also a mathematical one, though not exhibited in the 
consentional form of mathematical symbols.» 

This provides the physics teacher, in fact all science teachers, with a critical 
distinction. Students can be encouraged to think functionally, even mathemati- 
cally, without necessarily invoh ing mathematical symbols. Many will push on 
to that more abstract formulation, but others can have the "feel" of how a 
scientist works without the algebra.** 


An excursion, lengthier than usual, 
in developing one's own course in physics 


14-1, In a workshop we encountered a teacher of physics who determined to 
try the device described for chemistry (p. 280). He tried it for two years, and it 
worked. 

He found he could deal with the mathematical portions of physics in class; 
his students could read the descriptive portions. In class, therefore, he dealt 
mainly with topics such as optics, nuclear physics, mechanics, wave theory, and 
electricity. Students read by themselves, mainly about simple machines, meas- 
urement, heat, applications of physics (toasters to pulleys). He added this 
modification: he reviewed briefly all materials read before developing any 
Principle with mathematical background. 





23 James Clerk. Maxwell, Electricity and Magnetism, $rd ed, 2 vols, Dover Publications, 
N. 1.. 1954. 

24 For exemplary material, you might wish to peruse M. Faraday, Researches in Electricity, 
Exeryman’s Library, No 576, N. Y.. 1914, 2nd I. Newton, Opties, Dover Publications, N. Ya 
1952. The papers of B. Frankbn on electricity are also similar, 
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He found he had tme to teach in the leisurely fashion which good teach- 
mg demanded He could go into the highways and byways: he could deal with 
the methods of scientists. the class had the time to develop major concepts and 
conceptual schemes, the class had time to develop its needs and interests. 


14-2. Another teacher of physics tried a device which we have seen operating 
in three Midwestern schools. 

This teacher gave his class a standard workbook. He suggested this method 
of study each student in the class could do each "exercise" at his own speed. 
‘The class would use several textbooks (school and college) for reference. A 
schedule was decided upon, each student could either go ahead at his own 
speed and do the exercises one after the other, or if he were ahead of schedule, 
he could stop after a certain block (sa), machines) and do a project of his choice. 

Suidents would take examinations on text and lab work at scheduled times. 

The class was given the opportunity to discuss the advantages or disadvan- 
tages of this method. It was adopted. Is it surprising that this class did as well in 
its examinations as did other classes that selected the conventional method? 


34-3, At the end of the spring term, 1957, Professor Harvey White of the Uni- 
versity of California completed 162 TV lessons of a whole course in physics. 
Professor White taught the lessons in a TV-teaching "experiment" in the Pitte- 
‘burgh schools; his lessons were also filmed in color and in black and white. 
Now we are not suggesting that this course replace you, the teacher (although 
some have seriously suggested that these films be uscd where there is no teacher 
of physics), We suggest that this provides one of the few times that teachers 
have the opportunity to observe another teacher at work. If the funds are 
available, it would be worth while purchasing or renting the films. They 
would furnish excellent material in a critical seminar on objectives, philosoph). 
and teaching method ín physics. Also excellent demonstrations are presented. 


14-4. There are further deviations from the standard course, ‘The following 
suggestion ** js applied to a “course” suitable for rural schools, Note, however, 
that the generalizations have the same drift as in a "standard" course. It is in 
the devices used to illustrate the principles that the course dilfers. 





, Here a farm lighting plant might be selected as a familiar and useful ap- 
plication of principles of physics worthy of study. It would be treated a5 à 
complicated device for the conversion of stored energy into forms useful in daily 
Life The gasoline engine would be treated as a device for converting the stored 
energy of the gisaline into heat, and the heat into mechanical energy for turning 
the electric generator. The generator would be treated as a device for converting 
the mechanical energy into electrical energy The storage cells would be treated 
as devices for converting electrical energy into chemical energy and chemical 
energy into electrical energy. Vanous household and farm machines would be 
treated as machines for converting the electrical energy taken from the power 


35 Available from Encydopacdia Britannica Films 


Rh Watkins (Comm Chm), 4 Proj r " irty-Ferst 
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plant or the storage cells into useful forms of energy. The electric lamp would be 
considered as a means of converting electricity into heat and light, two other 
forms of energy; the electric iron as a means of converting electrical energy into 
heat. Friction in the machines, necessity for lubrication, and the heat developed in 
moving parts of machines could be used as a means of building up the notion that 
energy 18 not lost or destroyed, but merely changed into other forms, some of 
which are not directly useful for the human purpose for which the machine was 
built. It would be possible to trace the energy stored in the gasoline back to the 
crude oil, the crude oil to prehistoric primitive organisms, and the stored chemical 
energy of these organisms to the radiant energy of the sun. Pupils might eventually 
see that radiant energy given off from the electric lamp in the living room on a 
particular winter evening came from radiant energy released from the sun ages 
ago. Through such study pupils might be enabled to enlarge their understandings 
of such generalizations as the following: 


The sun is the chief source of energy for the earth. 

. Energy may be derived from matter. 

Energy may be stored ın chemical substances. 

Energy is not destroyed. 

Machines serve the purpose of changing energy into its different forms. 
All matter is probably electrical in nature. 

. Chemical changes are accompanied by energy changes. 

8. The “loss” of energy in machines is only apparent. These losses may be 
accounted for by energy transformations which are not parts of the useful output 
of the machines. 

9 Electricity, heat, and light are forms of energy. 

10. Complicated machines may be reduced to a relatively few simple types of 
machines. 


MOR - 


In urban situations a similar treatment might be made of the local electric 
power supply. Certain extensions of the foregoing generalizations would be pos- 
sible with power supplied from coal and steam plants or water power and through 
the increased ramifications of power supplies to modern transportation and 
industry. 

14-5. And as we might expect in the light of the history of development of 
courses, there should be and there is an auempt to develop a course in physical 
science (see Chapter 16). This attempt is in the tradition of the development 
of biological science from botany and zoology (see Chapter 12). 


14-6. You may find it illuminating to compare the contents and organization 
of several current physics teatbooks. How similar are they? 


14-7, In several physics textbooks, compare chapters on the same subject for 
the concepts included. Examine the technical vocabulary used in these books. 
How many of the words are clearly defined? How many are necessary? 


14-8. For two units in the syllabus on applied physics (Table 14-5), list the 
major concepts that might be developed. To what extent would mathematical 
(algebraic) results be necessary? 


14-9. What are the lesser concepts contributing 10 onc of the concepts from 
the list on p. 3027 What different experimental problems (or demonstrations) 
could be used to work toward these concepts? 
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CHAPTER 15 


Inventions in science courses: 


The course in general science 


A note at the beginning: General science is, in a sense, the oldest of the sciences. 
Aristotle was a "general scientist"; so was Galileo. One could 
hardly call either of them a chemist, a biologist, or a physi- 
cst General science is perhaps an unfortunate term; the 
adjective hardly indicates the purpose of the course. We do 
not say general physics, general chemistry, or general biol 
ogy: we should, because these are very general treatments of 
the areas concerned, but we don't. 

When we say "general science," precisely what do ve 
mean? Teachers of science are inclined to agree about what 
“general science" in a curricular sense is not. It is not, for 
instance, biology, chemistry, physics, or physiography. It is 
not considered a “senior” science, Similarly, biology, chem 
istry, and physics are not intended for the seventh, eighth, 
or ninth year; they are not substitutes for general science. 
General science comes early in the child’s experience, but 
it is not elementary science, General science draws its sub- 
ject matter from all fields in science and thus enables the stu 
dent to see science whole and develop his selective interests. 

General science in grades 7, 8, and 9 (usually a required 
course) is perhaps the most important group of courses in 
the science curriculum. It is there that the student begins to 
see science as a way of life interesting, exciting, full of 
possibilities for personal accomplishment, fun, adventure, 
hard work, and high purpose. To hear science teachers re- 
fect on the fate of enrollments in physics or chemistry is 
saddening. Perhaps they fail to realize that the student's 


election of advanced courses is based upon his prior exper 
ence in the subject area, 





Development of the course in general science 


General science is so recent in American education that we have decided to 
weave its historical development into the following section. 
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Patterns of present courses in general science 


There are teachers who think that curricular time is best spent in a special 
science not in a "general science," however organized, because the values 
of science are best attained in concentrated study. There are, on the other hand, 
teachers who think that before an individual studies any special science it is 
well for him to have a broad view of science, that curricular time in science is 
well spent when an "introductory science" is the threshold of the so-called 
special sciences. 

‘There are those who believe that this general science course should be 
exploratory and should stem from the child's questions and experiences. "This 
“exploratory science” differs from "introductory science," even though histori- 
cally it stems from it; the former draws upon the student's interests, while the 
latter draws from chosen areas in the special sciences, which are then dealt 
with in an introductory way. This distinction leads to courses distinctly dif- 
ferent in content, intent, and method. 

There are others who base their curriculum upon certain aspects of mod- 
ern psychology and find the needs and interests of the child a sufficiently 
valid source of objectives for a course in general science. These teachers discard 
the concept of “introductory science,” or even “general science,” and propose 
that each year be a year dedicated to the growth of the child. A year's growth 
is the objective, not a vear's general science. Thus, such teachers use the "core" 
approach as a significant device for helping the pupil grow. 

Now which of this variety of curricular designs are most frequently found 
in the United States? 

Most school systems in the country have planned, or are planning, gen- 
eral science courses for the junior high school years: the seventh, eighth, and 
ninth grades. In a growing number of school systems science in these junior 
high school years is an extension of an elementary science experience, grades 

I to 6. Such elementary science experiences are mushrooming into existence 
and, if present trends continue, the next decade will see a tremendous growth 
in elementary science. This will result in wide changes in current seventh-, 
eighth. and ninth grade science curriculums. Throughout the country there 
are also "spots" of general science offerings in the tenth, eleventh, and twelfth 
grades. These are at present experimental, or are attempts at meeting the needs 
of the "slow" learner. They are, however, too tentative to provide any relevant 
conclusions at this time. There are also attempts to meet the “needs” of the 
rapid learner by “handing down“ a biology course from the tenth grade; we 
will discuss this more fully later. 

The clements of curriculum design evident in the seventh, eighth, and 
ninth grades seem to be these: 

There is an attempt to produce an ascending development of concepts 
through the seventh, eighth, and ninth grades. For instance, if health is taught 
in general science (and it usually is), then it will be included in every grade, 
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but the topics will be arranged in an ascending development of fundamenta! 
concepts at the seventh, eighth, and minth grades. The enrichment at each 
grade level is such that increasingly complex development ıs evident. In the 
seventh grade, food patterns may be stressed, the germ nature of disease 
barely developed, and chemical treatment of disease (antibiotics, hormones) 
merely mentioned. In the eighth grade, food patterns may be reviewed, the 
germ nature of disease developed in greater detail, and the chemical treat- 
ment of disease developed. In the ninth grade there may be a tendency to 
review food patterns and germ diseases in detail and to extend the chemical 
treatment of disease, m short, an omnibus, even detailed, treatment. The 
pupil who has had three years of science will have been exposed to con- 
ceptualization in the field of health in an ascending spiral. 

Similar treatments will be found in the areas of communication and 
transportation, weather and housing, the nature of chemical change (the 
atom), the study of the earth’s neighbors, food making in plants, conservation, 
and more recently, heredity. 

Although this approach is widely used, it suffers from several potential 
difficulties that can be seen operating ín some schools. I. Too many different 
topics or areas may be taken up briefly each year with the result that the 
course is always thin and hurried. There may not be enough time for any 
topic to be examuned and pondered adequately. 2. In the second and third 
years too much time may be given to reconsidering what was supposedly 
learned in the previous years. One of the oldest psychological laws relating to 
recall describes the strong relation between forgetting and the erasing effect 
of subsequent learning» With too many topics each year the details of each 
are erased by those that follow, Small wonder that children do not seem 
to have learned much in previous years when we operate courses in a way 
which encourages forgetting. 3. Furthermore, the obvious repetition of topics, 
unless couched in really novel contexts, may give the pupils the impression 
that they “have had all this before." 4, Finally, such an approach is based on 
formal scientific principles and can easily fail to involve the interests and 
lives of the learners. 

An alternative approach being used in some schools involves the same 
general ums, but treats each extensively and only once. Only four or five 
topics are considered each year. These provide a solid basis to which later 
reference and comparison can be made, One year may center on man in his 
biological environment, the next on man in his physical environment, and 
the third on man's efforts to use this environment for his own purposes. Such 
a design permits a more leisurely approach co each topic, morc time lor 
projects, and more unified learning. 


‘The course of study in general science in the ninth grade falls generally 
into four arbitrary groups or types. 





a See, for exam] 


NES ple, L. J. Cronbach, Educational Psychology, Harcourt, Brace, N. Y 1954, 
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The survey course 


The earliest and now practically nonexistent type of general science is 
the survey course, one term of biology and one term of physical science, The 
course outline may reflect the whim of the instructor; it is generally intro- 
ductory to the special sciences which follow, especially when the latter are 
heavily larded with the traditional college-preparatory subject matter, It is 
systematic science; chemistry, physics, biology are represented as such. In fact, 
one such course is divided into units of these sciences (see Table 15-1). 


The environment-centered course 


In the evolution of the general science course toward meeting the inter- 
ests of the variety of students who began to come into the secondary school 
in the period from 1900-1930, attempts were made to include materials which 
had relevance for all. This second type may be called the "emvironment- 
centered" course, since its major aim seems to be to give the pupil an under- 
standing of his environment. Typical units are listed in Table 15-2. 

In the environment-centered course we have one of the first significant 
attempts in science to build a course around a pervasive aim-understanding 
one's environment—rather than around subject matter sequences. 


The understanding-the-modern-world course 


As teachers began to accumulate experience with the environment- 
centered course, modern concepts of psychology began to permeate educational 
practice. The notion of science as a way of life began increasingly to gain 


TABLE 15-1 A survey course in general science 





1. Biology HI. Phesics 
A. Chasiification of living things A. Work 
B. The structure of living things B. Fnergy 

IL. Chemistry IV Earth Saence 
A. Matter, atoms, and molecules A. Elements of astronomy 
f. Common chernical reactions B Elements of geology 


TABLE 15-2. An environment-centered course in general science 


m V. Our Ining foes and friends 
th. Wat A. Germ and ined enemies 

S RAE B. Friendly amphibians, birds, and mammals 
I Food C. Conservation 
tV. Suntight VI. The solar system. 


A. food making 


BL The energy oce VIL. Transportation and communication 


A. Man's conquest over space and time 
B. Gasoline engine, motor, telephone, alrplane 


THE COURSE IN GENERAL SCIENCE 319 


ascendancy over the idea of science as a body of subject matter. As a. result, 
teachers began to lean toward courses of study which dealt more with the 
problems of living. Science, they agreed, should help youngsters live a better 
life not only by helping them understand the environment, but also by deal 
ing with the way man modifies the environment to his own purposes. More: 
over, the future of the pupil as a citizen, upon whom science had an increas- 
ing impact, came more and more into consideration. What were the science 
problems which citzens had to solve? How were they to solve them? These 
were questions which appeared to be at the base of what might be called an 
attempt at understanding man and lus science in a modern world. 

In this type of course, teachers are not willing to be restricted to a sy] 
labus which defines the course from the beginning of the year and ends in 2 
uniform examination Rather they look for resource units, different ones for 
different communities, Subject matter knowledge of itself is not the end, 
at is subject matter which has significance for the community as well as for 
the world A comparison of resource units for such courses (Table 15-3) with 
the units for environment-centered courses (Table 15 2) clarifies this difference 
in intent. These units may not be given in any set order; indeed, examination 
of courses of study and textbooks based on the approach to man’s concepts 
of the modern world shows no definitive order. In general, however, units 
{I through VI) in the course of Table 15-3 are introduced earlier than those 
following. It must be emphasized that the teacher of this type of course shows 


great flexibility not only in his choice of units, but also in his use of sequence 
within individual classes. 


TABLE 15-3. General science as an aid in understanding the modern world 
—. maaaasasaeaeaeaeaeaeauamumumsamamiŘħ— 
1 Time and space. 


VI. Human behavior f 
A Man's understanding of his universe 


A. Habit formation 


JI. Man as a resource B Learning 
A Man s way of learning MI Hanesting atoms 
B, Mans use of the methods of saence A Structure of the atom 
MI Biological production E Puting the atom 
A. Food supply - Atomic energy 


B Reproduction of farm plants ang VHI Increasing the hfe span 
ammals A. Man's use of mutation 4$. 
C Consenvauon B. Preventing of germ and physiologi- 


cal diseases 
1V. Predicting weather 
‘A, Rain making © Increasing the lifespan 
B Housing IX. Doing the world's work. 
A Work, 4 
Y Reproduction * ork, energy, horsepower 


B Mach: i 
A. Plants achines and engines 
B Lower animals 





Wire and wireless 
XI Industrial processes 


XI. New materials 


* This is sometimes part of III. + This may be a part of II 


Io Ae bcr MER" 
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3t would be impossible for any one teacher to deal with all these units 
and their different emphases in one year, one period a day. Hence, there is a 
choice and a diversity of the curriculum over the three years. Although a 
basic text is chosen, it follows that there is a wide use of supplementary teats, 
library materials, reports, and many other sources. 


General science in the core program 


As an increasing number of studies began to emphasize the “develop- 
mental tasks" of youngsters, as educational philosophers gave increased at- 
tention to the needs and interests of youngsters, schools began to accept the 
notion that they were, indeed, in the main stream of life and living. Conse- 
quently, the general science course began to have its goals based upon the 
personal goals of young people who were in the business of growing and 
adjusting to each other and to society. The problems of young people in our 
society—problems involved in job-getting: coming to terms with their bodies; 
getting independence from their parents, learning to get along with their 
age mates of different sexes, different races, and different cultures; developing 
a world view; developing toward psychological and economic security—and 
the solution of these problems, insofar as the general science course lent 
itself to such solution, became the reason for existence of the course. 

It seemed clear that science alone could not solve these problems, or even 
a tithe of them. Thus evolved the “core program,” a block of curricular time 
{three to four periods a day) of which the youngsters’ needs and interests 
became the center. Students’ problems and the information needed to solve 
them became, in a sense, the resource units. This type of course in which 
general science plays a part might be titled, “Science as an Aid in Meeting a 
Child's Needs and Interests." 

Instead of discrete units such as those mentioned in the environment- 
centered or the science-in the-modern-world course, the units of the child- 
centered course might be derived from a major problem of adjustment, eg., 
“Understanding Ourselves.” In such a course, subject matter recognizable as 
science, civics, English, art, music, and mathematics is used to solve a prob 
lem of living. For instance, “Why do we behave as we do?” is a problem which 
may be part of such a course: all areas—civics, English, science (psychology 
and physiology)—enter into the solution of the problem. The teacher is not 
a science teacher, but first and foremost a teacher. 

In a core program, teaching method involves planning with the pupils 
to choose the kinds of activities of the course. Committees of pupils may 
arrange the sequence of topics. The teacher is a guide, a chairman at times; 
always he is there to afford opportunities for youngsters to grow in their 
relationships to themselves and society. The organization of the subject mat- 
ter is not, by any means, neglected. 

Several cautions need to be noted. In our experience, such a course does 
not mean less subject matter; it may actually mean more. It may also mean 
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different subject matter for different groups of students in the class. But the 
pupils share experience, as well as information, with each other through 
reports, projects, exhibits, discussions, and various means of interchange. 

The teacher does not abdicate in such a course. His role is to obtain 
maximum learning fiom each pupil in a setting which involves the pupil's 
interests and provides him enough ume for intense, broad study and compre 
hension. Not only does he furnish an environment free from threats and free 
for growth, but he looks at the needs of each pupil, and the requirements of 
the community and adult life as frames of reference. 


Summary 


The present status of course design in general science is roughly as fol- 
lows, Four types of courses exist: (1) survey, (2) environment-centered, (3) v- 
derstandıng-the-modern-world, and (4) the child centered core program. Of 
these types 2 and 3 are the most common, with type 3 gaining rapidly 
Courses of types I and 4 are scarcer, with type 1 practically nonexistent. That 
there are relatively few adoptions of type 4 stems in part from a lack of 
teachers with sufficiently wide training and with the emotional commitment 
to teach children rather than subjects. In part this lac also stems from the 
paucity of school administrators, teachers, and parents willing to examine 
mhenghitutty their responsibilities to children rather than to academic arti- 
facts. 


i ane development of courses in general science has followed a sequence 
ike this: 


1900 General science as a body of subject matter 

1920 General science as an aid to understanding the environment 
1930 General science as an aid to understanding the modern world 
1940 General science as an aid to meeting a child's needs and interests 


General science teaching, like all teaching, has profited from recent 
developments in the psychology of learning and from improvements in meth- 
ods and. procedures within the classroom. The lecture is used rarely and 
the discussion method commonly. Projects, reports, and individual laboratory 
work are beginning to have a major place in general science. General science 
is being used as a guidance period; it is the place where teachers identify those 
who have “science potential” and give them special opportunities for devel- 
cement in their- subsequent high school carcers; it is also the place where 
Lm chops Saale E or handicaps are selected for special guidance 

: General science 1s getting to be the basic course in science because the 
majority of youngsters take it. Increasingly, teachers and administrators are 


accepting the fact that general science is a potent educational tool for the 
development of young people. 
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Frames for developing a course in general science 


General science 15 a course of scientific study and investigation which has its 
roots in the common experience of children and which does not exclude any 
one of the fundamental special sciences. It seeks to elucidate the general prin- 
ciples observable in nature, without emphasizing the traditional division into 
specialized subjects until such time as this is warranted by the increasing com- 
plexity of the ficld of invesugation, by the developing unity of separate parts 
of that field, and by the intellectual progress of the pupils. 








Thus does the British Science Master's Association characterize the nature 
of general science in its report.* It is 2 good statement. 


Policy as a frame of reference 


What does one teach in general science? When? Why? 

There is widespread agreement that a continuous program in science, the 
study of the world, from the kindergarten through high school is desirable. 
Many schools are moving rapidlv to make this desire a reality. In the elemen- 
tary grades the science 1s inevitably exploratory and unsystematic. In the 
high school are the specialized sciences. What should be offered for the junior 
high school years in between? 

Some teachers who are specialists in one part of science do not see the 
need for, and the importance of, general science. They may feel that the 
special sciences should be started as early as possible, and that the seventh 
grade is a possible time. As we shall see, this conclusion is incorrect because 
the students arc still immature; they lack practice in scientific thinking, and 
their store of usable concepts is small. Furthermore, the specialized sciences 
are more sophisticated than those who teach them may realize. Some course 
which involves sharper concepts than those developed in the elementary 
school, yet avoids the details and intensity of the special sciences, seems to 
be a necessary intermediate, and this course is general science. If taught in an 
exciting manner, such general science will point the way toward further 
more narrow and intense study in the special sciences, 

As a matter of policy, surely, we do not wish to permit a gap in the 
sequence of available science courses. In addition, we must provide effective 
instruction for the many who will terminate their schooling or their science 
schooling at the ninth grade, or soon thereafter. 

The experience of children and the science courses they take. It goes 
without saying that children do not have experiences in only one area; mod- 
ern life furnishes stimuli in all areas. Science is no different. General science, 
which is net meant to exclude experience in any of the fundamental sciences, 
feeds the curiosity and interests of children whose experiences are fresh ones, 
day in, day out. 


Of course, one may propose that children should begin the discipline ol 
specialization as soon as they can, say, in junior high school, Why not "expose 
the kids" to biology, chemistry, or physics as soon as they can take it? 

First, we tried at, and we shall describe this experience. Second, this 
works in reverse as well, one can give gencral science or rather "science" for 
six years (grades 7 12). We tried this too, and we shall describe the results. 

Substitutes for general science. In the period from 1917-1950, at Forest 
Hills High School, an attempt was made to substitute earth science for ninth 
grade general science in the usual four-year sequence (——, biology, chemistry, 
physics). We chose two classes of superior students, each class with the range 
in L.Q, reading, and mathemaucs detailed in Chapter 9. One class (35 stu 
dents) had the sequence. earth science; biology, physics, chemistry. The con- 
trol group had the more usual sequence: general science, biology, physics, 
chemistry. We planned to substitute, in successive years (ending in 1953), each 
of the courses (biology, chemistry, and physics) for general science, After the 
third year, before physics was substituted. for general science, the "expeti 
ment" had to be abandoned, for these reasons. 

First, our basic assumption was incorrect. The preparation of children 
in science through the first eight grades is not uniform at the present time. 
Some students had had a great deal of science; others very little. Some had had 
“nature study” science; others “sporadic” science. This would ordinarily not 
be critical were it not for the factors that accompany the onset of adolescence. 
Puberty is a difficult period. Picture the anxieties of children, eager to succeed 
in high school and of the caliber which gives them the ability to succeed, 
faced with a course which assumes some uniform experience in science. Also, 
the course (say, chemistry, even biology) assumes some kind of discipline in 
study, an ability to take laboratory work in stride, and a bit of familarity 
with mathematics. 

After the third year of this kind of experimentation we found that only 
approximately 35% of those who had had, in the ninth grade, earth science, 
40%, of those who had had biology, and 30% of those who had had chemistry 
were planning to take three more years of science, as compared with 85% 
of mer oaro ue had had general science in the ninth grade. 

ysis of the situation revealed other considerations: 


‘1, It seems that children given an exploratory course in the first yea? 
of high school benefit from its guidance function, They use it to plan further 
experiences along their interests. ‘Thus general science, if it is a broadly 
conceited course touching different areas of life, opens up many vistas in 
further course work, as well as in vocations. 

2, Adolescence being a period of stress and strain,* it is healthy to give 
youngsters a good base consisting in a "new view," not review, of the concept 





3 Course of study similar to that detailed i : ion" js 
4 See, for example, A W. Blait and w. H. Boru m OR, ate ende e 


adolescent, Appleton-Century-Crofts, N, Y., 1951 x Grey and Development e 
A. J. Jersild, The Psychology of Adolescence, Macmillan, N, Y., 1957. 
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they "should have studied 
a new direction, 

3. The maturity or age of students males a difference. Students in the 
tenth, eleventh, and twelfth grades achieve higher grades than do their younger 
counterparts of equivalent LQ., reading, and mathematics test scores who take 
the same course in the ninth grade. When biology and chemistry were of- 
fered in the ninth grade, seven out of ten of these able pupils scored below 
80% on the achievement scale. Of the comparable students who took biology 
in the tenth grade and chemistry in the eleventh grade, after general science 
in the ninth grade, seven out of ten achieved scores above 9095.5 

This lower achievement in biology was somewhat surprising, although 
the lower achievement in chemistry had been suspected as likely. Among the 
many factors that might account for this lower achievement in biology were 
the high vocabulary load of new words and the involvement of mature ab- 
stractions such as evolution and chromosome theory. 

We were forced to the interesting conclusion, still tentative, of course, 
that if bíology, chemistry, physics, or earth science were to be given in ninth 
grade, they would have to be given at the level of general science; that is: 


and, at the same time, to point their energies in 





1, They would need to be so broadly conceived that each course would 
take in elements of the other courses. This would assume a guidance function; 
namely, students would maíntain their interest in taking the other science 
courses so that they would achieve a broad scope. In other words, if, as a 
general practice, the so-called specialized courses were given in the ninth 
grade, even to the best students, registration in subsequent science courses 
could conceivably be reduced unless science were required of all. In other 
words, reductio ad absurdum, biology, chemistry, physics, and earth science 
could be given at the ninth grade level, if they were broadly conceived to 
touch all the areas of life—that is, if they were general science courses! 

2. There is value to an introductory, exploratory course, either as a first 
course, of as a capstone course. But this should be given, it is our present 
opinion, on the maturational level of the students. There seems to be a level 
of maturity needed to envelop and develop certain concepts. Thus, while we 
should not underestimate the intelligence of these students (this is especially 
shown in their development of skills in mathematics), we should not over- 
estimate their cultural and social maturity. 

General science as a substitute. Just as it seemed logical to substitute 
earth science, biology, chemistry, and physics for general science, so it seemed 
logical for us to try to substitute general science for these courses. That is, 
we organized a class of superior students and gave them four years of gen- 
eral science, during the period 1947-1950. This attempt was more “success- 
ful" than the preceding one which substituted special sciences for general 
science, But even so, when we tried a four-year course in science with a sec- 
ond group, we were forced to abandon the trial at the end of the third year. 





© Earth science was not offered in grades 10, 11, or 12. 
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The frst four-year proup—Science, Four Years, as it was designated 
underwent the study of science in 2 curncular design as described in the 
“Excursion” at the end of Chapter 18 Possibly, it is not proper to calt this 
four-year couse a course in general science, we consider it, as we have said, 
a course in science, Nevertheless, in the current usage, any course which cuts 
across the lines of biology, chemistry, and physics is “general science.” 

Because of the structure of the course, the New York State Regents Exam- 
inations (in biology, chemistry, and physics) were taken by the students in 
their eleventh and twelfth years, biology at the end of the eleventh, chem 
istry in the middle of the twelfth (February term in the senior year), and 
physics at the end of the twelfth The mean scores were very similar (a bit 
higher, but not significantly) to scores for the "control" students (matched 
for sex and LQ, reading, and mathematics scores) in the regular courses. 
But most important: 





1 Students saw science whole, and they saw it in its application to life 
and living rather than in compartmentalized areas. 

2. One teacher taught the course through all four years and thereby 
got to know the students very well. 

3, Project work, committee work, field trips, all cocurricular activiues 
were planned with ease. 

4. In all their work, students saw that biology, chemistry, and physics 
could apply to a single problem, eg, levers, muscle chemistry, nutrition, 
and biological structure when the function of muscle was being studied, the 
chemistry of gasoline, the physics of motors, the psychology and biology ol 


the driver when automobiles were being studied (see Chapter 18 for a full 
description of the course). 


When the second group was organized, a similar organization of subject 
matter was attempted. However, 1t was thought that two teachers might pat 
ticipate this time, The second teacher eventually went over almost com 
pletely to teaching physics as physics, and taught the accepted syllabus" 
His reason for this seems to have been mainly to prepare the children for 
the Regents examination. Apparently, he was not convinced that boys and 
girls (1518 years of age) given an interesting course in whatever context 
could prepare themselves—with the teacher's aid, of course—for reasonably 
constituted examinations. The problem of Betting teachers who would move 
away from their traditional trajectory was too dificult, It was easier, in short 
to modify existing courses, and mtroduce into them concepts and methods 
that related more closely to the lives the youngsters were leading and were 
expected to lead, This, of course, with due regard to scholarship. 


9 The course was contu 
inued for sevexal s 
teachers to gue it A course of ths sort requires adt amd ea atr PT a the darle 


[oed requires wide traning on the part of the teachers 


316 INVENTIONS IN SCIENCE COURSES 


at stems from the significant experiences and problems of the boy or gu 
but 1s guided by the experiences of the scientist. For example, we may study 
burning, but at 1s not enough to know the basic factors (kindling temperature 
and fuel) which are responsible for burning; it is now necessary and possible 
to interpret the combination of fuel, oxygen, and kindling temperature in the 
light of the principle underlying oxidation and combustion, and to apply 
it to internal-combustion engines, and so on. Stull further, general science 1 
an exceedingly useful curricular invention for teaching the ways of the 
scientist in the different sciences; it is not sufficient to segregate these “ways 
in their application to only one area. From the viewpoint of general eduta- 
tion, then, general science is a most useful curricular invention, 

General science, for all its broadness, maintains an integrity; it touches 
all areas of life. Jt serves all young people, and practically all young people 
remain in school at least through the ninth year. Hence, general science is an 
experience common to all. In fact, in many junior high schools it is part of a 
“common learnings” curriculum. : 

"This does not exclude the possibility that for the science prone, special 
interests may be followed, But these interests are specific; for instance, 3 
ninth grade youngster does not become interested in all of biology; he be 
comes interested in some area of biology, such as genetics or animals or frogs 
or snakes. His interest isn’t in al! of chemistry, but in photochemistry oF dyes, 
or in just working in the laboratory. 

These are some of the considerations which compel us to consider gen- 
eral science as a definitive area in education of children, if not in the sense 
of an area of academic investigation. We quote from the General Science 
Syllabus Committee of New York City on this subject: 1 


‘THe OBJECTIVES OF THE GENERAL SCIENCE COURSE FOR GRADFS 7, 8, AND 9 

‘The objectives for the course of study in general science, grades 7, 8, and 9. 
are based on the following considerations, ; 

‘The Brst is the nature of the child. There is wide variation among ind! 
vidual students with respect to maturity, ability, previous experience, interests 
and needs, both in and out of the school environment. à 

‘The second consideration 1s the nature of the broad purposes of education 
at these grade levels It 1s generally recognized that educational activities of this 
stage, in which a child is expanding his conception of his environment and of 
his universe, are in a large measure exploratory. 

The third consideration is the relation of the study of general science to the 
complete education process. The aims of a course in general science should be 
closely related to the aims of generat education, 

The fourth consideration is the type of approach to the study of general 
science that should be recommended in the course of study. The approach M 


7 Throughout these chapters on courses of stud 
have thetched the various courses, a mulutude of ihem, as found throughout the navon The 
courses delineated ın these chapters are either taken directly or modeled after courses pu! 

lished an 33 aty, county, and state curnculum departments In this chapter we desire to show 
how one city has modified its state requirement to fit its own situation ‘Hence, for the previous 


section on evelopment of general science courses we have drawn from information available 
throughout the country, in this section we shall restrict oursel ajor purpose to 
New York City and New York State. menea Toe Ae E E 


ly (in biology, chemistry, and physics) me 
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this course of study is based on large problems, of direct interest to adolescents, 
which offer purpose and direction to the learning process. 

Finally, there must be the recognition of general science, as the child's 
first introduction to science, as a specialized area for uniquely organized experi- 
ences. In this course of study, the child's former science experiences are being 
reoriented into a more mature pattern of understanding of the nature of things 
in his world. 

These considerations, then, have guided the acceptance of the following 
objectives, adapted from those listed in the 1947 Yearbook of the National Society 
for the Study of Education $ 


l. Growth in functional understanding of scientific phenomena that are 
part of the child's environment. 

2 Growth in development and understanding of scientific concepts and 
principles that function in children’s experiences and help to explain them. 

3. Growth in the use of the manipulative, experimental, and problem- 
solving skills which are involved in investigations in the area of science. 

4. Growth in the development of vocational and avocational interests in 
science. 

5. Growth in such desirable habits and attitudes as open-mindedness, in- 
tellectual honesty, suspended judgment, and respect for human dignity. 

6. Growth 1n appreciation of the contributions and potentialitics of science 
for the improvement of human welfare and in appreciation of dangers through 


its misuse. 
7. Growth in those mora] and spiritual values which exalt and refine the 


life of the individual and society. 


Scope and sequence os a frame of reference 


At hand are 62 courses of stud; in seventh, eighth, ninth-grade general 
science, prepared by counties, states, cities, and urban and rural communities, 
The strange, perhaps sad, perhaps wise, consistently noticeable attribute of 
these courses of study is that over the three years the content area is decidedly 
similar for all the courses of study. There are differences in emphasis. There 
are differences in sequence. There are, indeed, differences in statement. But 
even the casual observer can note that. 

1. Ifa child were to move from Seattle to Miami at the end of the ninth 
year, his exposure to the content of science would have been the same for at 
least 959% of the subject matter taught in all the states, no matter what 
curriculum or what textbooks he had used, 

2. Hla teacher were to travel from city school system to city school sys- 
tem (particularly the large ciucs) in the United States with a file of reference 
materials, films, filmstrips, activities, projects (sce Section. V, "Tools for the 
Science Teacher), he would find approximately 9075 of it applicable. 

To put it another way, for the majority of students (excluding the “gifted” 
or the "cry slow") the content of the three years of work in general science, 
although still thc most flexible of all arcas in science, is approaching uni. 


formit}. It will be remembered that senior high school science approaches 
S NSSF, Forty-Sixth Yearbook, U. of Chicago Prev. Chlazo, 1947, p. t2. 
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it stems from the significant experiences and problems of the boy or girl 
but is guided by the experiences of the scientist. For example, we may study 
burning, but 1t is not enough to know the basic factors (kindling temperature 
and fuel) which are responsible for burning; it is now necessary and possible 
to interpret the combination of fuel, oxygen, and kindling temperature in the 
Light of the prinuple underlying oxidation and combustion, and to apply 
it to internal combustion engines, and so on. Still further, general science is 
an exceedingly useful curricular invention for teaching the ways of the 
scientist in the different sciences, it 1s not sufficient to segregate these “ways” 
in their appheation to only one area From the viewpoint of general educ 
tion, then, general science is a most useful curricular invention. 

General science, for all its broadness, maintains an integrity; it touches 
all areas of life. It serves al! young people, and practically all young people 
remain in school at least through the ninth year. Hence, general science is an 
experience common to all. In fact, in many junior high schools it is part of a 
“common learnings” curriculum. 

This does not exclude the possibility that for the science prone, special 
interests may be followed. But these interests are specific; for instance à 
ninth-grade youngster does not become interested in all of biology; he be 
comes interested in some area of biology, such as genetics or animals or frogs 
or snakes, His interest isn't in al! of chemistry, but in photochemistry or dyes, 
or in just working in the laboratory. 

These are some of the considerations which compel us to consider ge 
eral science as a definitive area in education of children, 1f not in the sense 
of an area of academic investigation. We quote from the General Science 
Syllabus Committee of New York City on this subject: © 





‘THE OBJECTIVES OF THE GENERAL SCIENCE COURSE FOR GRADES 7, 8, AND 9 

‘The objectives for the course of study in general science, grades 7, 8, and 9 
are based on the following considerations: 

The first is the nature of the child. There is wide variation among ind: 
vidual students with respect to maturity, ability, previous experience, interests, 
and needs, both in and out of the school environment. 

The second consideration ıs the nature of the broad purposes of education 
at these grade levels It 1s generally recognized that educational activities of this 
stage, in which a child is expanding his conception of his environment and of 
his universe, are in a large measure exploratory. 

‘The third consideration 1s the relation of the study of general science to the 
complete education process. The aims of a course in general science should be 
closely related to the aims of general education. 

__ The fourth consideration as the type of approach to the study of general 
science that should be recommended in the course of study. The approach in 





1 Throughout these chapters on courses of study (in biol try, and physics) ^C 
have sketched the various courses, a multitude of thom aso! “ehnsughost the pation. 


courses delineated in these chapters are exter taken di es 

1 irectly or modeied after courses P' 
hushed in 53 aj, county, and state curriculum departments, In thus chapter we desire to show 
how one ary has modified xis state requirement to fit its own situation. Hence, for the previous 
section on development of general science courses we have drawn from information available 


throughout the country, mm this section we shall rest " urpose to 
New York City and New York State. 7ict ourselves for our major purpo 
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this course of study is based on large problems, of direct interest to adolescents, 
which offer purpose and direction to the learning process. 

Finally, there must be the recognition of general science, as the child's 
first introduction to science, as a specialized area for uniquely organized experi- 
ences. In this course of study, the child's former science experiences are being 
reoriented into a more mature pattern of understanding of the nature of things 


in his world. 
These considerations, then, have guided the acceptance of the following 
objectives, adapted from those listed in the 1947 Yearbook of the National Society 


for the Study of Education. * 


1. Growth in functional understanding of scienufic phenomena that are 


part of the child's environment. 

2. Growth in. development and understanding of scientific concepts and 
principles that function in children’s experiences and help to explain them. 

3. Growth in the use of the manipulative, experimental, and problem- 
solving skills which are involved in investigations in the area of science, 

4. Growth in the development of vocational and avocational interests in 


science. 
5. Growth in such desirable habits and attitudes as open-mindedness, in- 


tellectual honesty, suspended judgment, and respect for human dignity. 
6 Growth in appreciation of the contributions and potentialities of science 
for the unprovement of human welfare and in appreciation of dangers through 


ats misuse. 
7. Growth in those moral and spiritual values which exalt and refine the 


life of the individual and society. 


Scope and sequence as a frame of reference 


At hand are 62 courses of study in seventh, eighth-, ninth-grade general 
science, prepared by counties, states, cities, and urban and rural communities. 
"The strange, perhaps sad, perhaps wise, consistently noticeable attribute of 
these courses of study is that over the three years the content arca is decidedly 
similar for all the courses of study. There are differences in emphasis. There 
are differences in sequence. There are, indeed, differences in statement. But 
even the casual observer can note that: 

1. If a child were to move from Seattle to Miami at the end of the ninth 
year, his exposure to the content of science would have been the same for at 
least 9595 of the subject matter taught in all the states, no matter what 
curriculum or what textbooks he had used. 

2. Ifa teacher were to travel from city school system to city school sys- 
tem (particularly the large cities) in the United States with a file of reference 
materials, films, filmstrips, activities, projects (see Section V, Tools for the 
Science Teacher), he would find approximately 9095 of it applicable. 

To put it another way, for the majority of students (excluding the “gifted” 
or the “very slow") the content of the three years of work in gencral science, 
although still the most flexible of all areas in science, is approaching unj. 
Formit}, It wilt be remembered that senior high school science approaches 





3 NSSE, Forty-Sixth. Yearbook, U. of Chicago Pres, Chicago, 1917, p. (12. 
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a uniformity which amounts to standardization; physics is almost inflexibly 
standardized, chemustry less so, but quite uniform; biology still less so (see 
Chapters 12, 13, and 14). 

As an illustration let us consider the general science content proposed 
by one of the states, then let us see what a city within that state has done 
to develop a scope and sequence (through selection, adaptation, and modif- 
cauon of content) of its own. 

New York State was among the first, if not the first state to develop a 
course in general science If you study textbooks in general science, you will 
see the unmistakable tendency of the authors to adopt or adapt the New 
York courses of study.* Put another way, New York State and its boundary 
states supply a major share of the authors of textbooks. Be that as it may, 
the course of study presented below envelops 95% of the stated content 
of the courses found in the United States +° 


A goog general science program ıs custom built, tailored to fit the interests 
and needs of the pupils, the interests and background of the teacher, and the local 
resources available for instruction. It will differ from school to school and from 
teacher to teacher. It will change from year to year. It will be flexible and never 
ngid and arbitrary. : 

No two teaching situations are alike. Pupils have different backgrounds and 
different interests. Teachers have different talents, Environments differ, Facilities 
for instruction differ. General science programs should differ also, each being 
adapted to the situation im which it is being used 

The materials outlined in this section present several alternative plans upon 
which a good general science program can be built Though it is the responsibilty 
of each school to select the plan which will best meet ats needs, certain minimum 
requirements must be met in order to insure comparable educational oppor 
tuniues for all pupils in all New York State schools. 

SLGCESTED SCOPE OF CONTENT 


Kıds of iwing things 


Familiar lying things: studying plants and animals around the school, 
identfymg common forms, keeping living things in the classroom; making and 
exhibiting collections. 

Problems of hving things: their needs, how common forms meet ther 
needs, how living things affect each other; importance of microscopic forms. 

Habitats. kinds of habitats in the neighborhood; characteristics of different 
habitats, effects of organisms on their habitats. 

Man and living things: how man changes the environment; how man makes 
use of living things, how man is affected by living things, microscopic hfe and 
effects on man. g 

Keeping healthy 


Nature of the human body: the skeleton and muscles; the senses, some of 
the major organs. 


Personal appearance: variation in individuals; selection of clothes; groom 


ing of hair; F skin; Em s s; groom 
ing of ur; care of skin; oral hygiene; posture; effect of proper and imprope 


? New York State enrolls nearly 10 
19 General Science, an Outline of de 
ondary Curnculum Development, 


Gent of all the school children im the country. c., 
Scope and Content of the Syllabus, Bureau of Set 
N. Y. State Education Department, Albany, 198. 
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Diet: Kinds of foods; nawre of digestion; absorption; values of different 

foods; the balanced diet; harmful foods and eating habits. 
Control of the body: the nerous system; the ductless glands; process of learn 

ing, forming and breaking habits; solving of personal problems; mental illness. 

Medical examinations: nattte of medical examinations; purposes; desirability 
for regular examinations. 

First aid* types of commost emergencies; knowledges needed for treatment; 
skills needed; Limitations of first aid. 


Using electricity 


Permanent magnets their kinds, properties and uses; magnetizing and de- 
magnetizing; the earth's magnetism; compasses 

Electric charges nature and properties; how produced; how detected; fa- 
miliar examples. 

Ekunnt arcu senes and paraMel tiris, switches, wating captans m 
familiar devices. 

Electromagnetism’ how produced, propertes, common uses. 

Electric currents: from. chemical changes; electromagnetically induced; how 
measured, voltage, energy measurement; a.c. and d c.; transformers; transmission 
lines. 

Applications of electriaty heating devices; electric lighting; communications; 
motors, electrochemistry. 

Safety with electricity: msvlation; fuses and circuit breakers; personal haz 
ards; safe practices 


Lifting and moving things 


The pull of the earth: using, measuring. 

Lifting heavy objects pulleys, windlasses, ramps; levers; screw jacks; der- 
nicks; elevators. 

Increasing speed and mereastng force: gears; belts and pulleys. 

Using and reducing friction rollers, wheels, ball and roller bearings; Iubri- 
cation; brakes; increasing traction. 

Buoyancy: nature of buoyancy; factors affecting buoyancy; ships; subma- 
rines. 

Airplanes. pressures ın sull and moving air; forces acting on an airplane; 
propellers, rockets, and jets; controlling airplanes; operating airplanes; safety in 
and around airplanes. 

Automobiles: general featuses: gasoline engines; the electrical system; power 
transmision to the wheels, the cooling system; brakes; care of automobiles; 
sale operation of automobiles. 


Common chemical changes 


Chemical reactions: nature of changes involved; elements and compounds; 
energy relations: forms of energy involved in chemical reactions; catalysts; de- 
grees of chemical activity. 

Combustion: properties of oxygen: conditions needed for combustion; char. 
actersucs of flames; products of combustion; extinguishing fires; preventing 
fires. 

Water: chemical nature of ‘ater; importance in chemical reactions; solu- 
tions; factors affecting solution; recovering solutes and solvents; crystals; hard 
water; soap and water softeners) purifying water. 

‘Acids and bases: common examples: indicators: familiar reactions and 
products formed: importance of acid base reactions. 

Other common chemical pfocesses in the home. 
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a uniformity which amounts to standardization; physics is almost inflexibly 
standardized, chenustry less so, but quite uniform; biology still less so (ste 
Chapters 12, 13, and 11) 

As an allustration let us consider the general science content proposed 
by one of the stitcs, then let us see what a city within that state has done 
to develop a scope and sequence (through selection, adaptation, and modifi 
cation of content) of its own, 

New York State was among the first, if not the first state to develop a. 
course m gencial science If you study textbooks in general science, you will 
see the unmustakable tendency of the authors to adopt or adapt the New 
York courses of study. Put another way, New York State and its boundary 
states supply a major share of the authors of textbooks. Me that as it may, 
the course of study presented below envelops 95% of the stated content 
of the courses found in the United! States. 


A good general science program 15 custom built, tailored to fit the inerti 
and needs of the pupils, the interests and background of the teacher, and the local 
resources available for instruction It will differ from school to school and from 
teacher to teacher It will change from year to year. It will be flexible and never 
rigid and arbitrary. 

No two teaching situations are alike. Pupils have different backgrounds and 
different interests Teachers have different talents. Environments differ. Facihties 
for instruction differ. General science programs should differ also, each being 
adapted to the situation in which it is being used. 

The materials outlined an this section present several alternative plans upon 
which a good general scence program can be built. Though it is the responsibility 
of each school to select the plan which will best meet its needs, certain minimum 
requirements must be met in order to insure comparable educational oppor 
tunities for all pupils in all New York State schools, 

SUGGESTED SCOPE OF CONTENT 

Kinds of living things 


,, Famiüar Iming things: studying plants and animals around the school. 
identifying common forms; keeping living things in the classroom; making and 
exhibiting collections. i 

Problems of living things: their needs, how common forms meet their 
needs, how living things affect cach other, importance of microscopic forms. 

Habitats: kinds of habitats an the neighborhood; characteristics of different 
habitats, effects of organisms on their habitats. 

Man and ling things how man changes the environment; how man make 
use of ving things; how man is affected by living things, microscopic life and 
effects on man 

Keeping healthy 


Nature of the human body: the skeleton and muscles; the senses; some of 
the major organs. d 
Personal appearance: variation in indisiduals; selection of clothes; groom 


mg e hair; care of skin; orat hygiene; posture, effect of proper and impropet 





® New York State enrolls nearly 10 
10 General Science, an Outline of t 
ondary Curnculum Development, 


er cent of all the school children in tbe countrh 
€ Scope and Content of the Syllabus, Bureau of 
N. X. State Educauon Department, Albany, 1958. 
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commended, is its recommendation of flexibility, not of slavish adherence to 
the scope suggested. 

Now let us examine a sequence based on the scope outlined above. This 
illustrates what one school system (New York City) has developed as its own 
curricular invention in general science. 

Note how the sequence reflects the increasing maturity of the students: 
as they grow older they plan their time better and can accomplish more; 
the amount of time available for science study: three 45-minute periods per 
weel in the seventh and eighth years, and five 45-minute periods per week 
in the ninth year, and the individuality of the community: teachers and 
supervisors work together to prepare the course of study.” 


(THE ORGANIZATION OF THE GENERAL SCIENCE COURSE 
(New York City) 


The content of this syllabus is planned to meet the stated objectives. To 
achieve this purpose, the child's world has been grouped into large, meaningful 
experience units. In turn, these units have been further broken down into sub: 
topics presented as problems. 

It is expected. that each science. teacher. will explore every unit for each 
grade. This means that, in the three-year course, a child will study nine units— 
no entire unit may be omitted. Furthermore, in the study of these units, no major 
problem may be omitted. Each has been included because it deals with some 
mayor concern of life. 

Obviously, a fair and equntable amount of time and attention should be 
devoted to each of these major problems. However, the choice, sequence, and 
time allotment of topics within each unit will be the responsibilities of teachers 
and pupils The teacher is strongly advised to consult with his supervisors and 
colleagues, and to canvass the maturity, interests and needs of his pupils before 
he formulates his term plan. He must be able to estimate, on the basis of the 
particular situation, how many lessons and how much emphasis to give to 
each lesson topic. 

Each problem in this syllabus is developed as a. "resource unit," offering a 
variety of approaches for differing interests and levels of ability. But these are 
merely suggestions It is expected that the conscientious and experienced teacher 
will try other approaches and methods, consistent with safety and good taste, 
and that the successful techniques will be made available to other teachers 
through professional associations and publications. 





Outline of the course of study 


Grade 7: You and Your Place in This World 
Unit 71 Getting Acquainted with Yourself 
Problem 71.1-How do we learn what is going on around us? 
71.2-What are our daily needs for kecping health? 
713-What are some of the ways that a doctor checks on our 
health? 
71.4-How do some systems in the body work together? 
Unit 72-Getung Acquainted with Your World 
Problem 72.1-What are the sources of our food supply? 
72.2-Why is the we and consenation of water 2 concern for all 
of us? 





3 Experimental Courte in Generat Science, mimeographed: reproduced by permiuion of 
tbe Supervisor of Science, Junior High Schools, New York City, 1953. 
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The atmosphere 


. ds. in 
Propertics of aur, takes up space: weight, compressibility; effects of heating 
and cooling 2 i 
- A : á 
Atmospheric pressure: indications of air pressure; measuring: common c 
fects of aur pressure, uses of air pressure. 
i er 
Sound nature of sound, causes of sound: transmission of sound, charact 
»tics of sounds : 
iti to 
Components of air. percentage composition: oxygen and some of js pep 
cues carbon dioxide and some of its properties: dust and its sources; 
of water in the arr, factors afecung evaporation amd condensation, Sum 
Vr currents. causes of air currents, effects; use of air currents in 
and cooling homes. RE. 
Weather factors of weather; measuring weather. factors; causcs of » 
changes, weather prediction; climatic factors, 








The earth and sky 


Stars nature ol the stars; 
muning the location of stars. 1 

Solar system: the sun, nature of the planets; apparent motions of the mem 
bers of the solar system; theories about the solar system, 

Time measurement of time: time around the earth. z 

Locating positions: latitude and longnude; determining latitude and long 


tude, finding directions; determining elevation; kinds of maps: mapping and 
map reading. 


stat groups; apparent motions of the stars; deter. 


Rocks and soil 


Rocks: the rocks of the local env 
uses of rocks; formation of rocks; 
rocks, 


Erosion: agents of erosion; products of erosio 
sion, transportation of erosional 
deposition. à 
Soil. formation of soil, kinds of soit, importance of soil; conservation of soil 
Water water in the soil; the water table: water movement in the soil: fact 
tors determining the amount of water in the soil; safe drinking water; water 


for waste disposal; water for power; water for transportation; water for rere 
tion 


ironment: characteristics of common mds 
making of artificial rocks; uses of aruficial 





structures formed by ero 
l products; deposition; structures produced by 


Surowal of ting things 


flowers; pollination and ferte 





propagation. 
ufe cycles of some common egg laying animals; hfe 
cycles of some common animals that bear living young 
Balance of namre 


interdependence; factors that affect balance; how man 


affects balance. 
Conservation of living thun; 


management; wildlife managemen 





mportance of living things to man; forest 
humaneness. 


In addition to the content stated~note thai 


gests different kinds of sequences, different materials to 
overall scope for different Kinds of students: gifted, 
ealthy aspect of this course of study, one highly to be 


tit is a scope, not a sequence 
average, and slow. A h 
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seventh or the eighth year. Schools on an hour program shall provide two 60- 
minute periods (as a minimum) in the seventh and eighth years and four 
60 minute periods (as a minimum) in the ninth year (or for a combined seventh 
and eighth year) as equivalent to the time allowance for 45-minute periods. 


We have included these samples of scope and sequence not only to illus- 
trate the nature of general science courses as they appear in practice, but also 
to serve the reader as a basis for developing his own course of study. There is 
much elasticity in the course; any important interest can and should be fol- 
lowed up. Thus more time can be spent on a topic which has caught the 
imagination of a class, of a group, or of an individual. Material is uncovered, 
rather than covered. 

Furthermore, the kind of elasticity and flexibility which is part and par- 
cel of the approach to general science permits the searching out of individual 
students, their ability and their propensity or, as we termed it in Chapter 9, 
both their genetic and predisposing factors. In addition, the course enables 
the science teacher to take time, in the full spirit of guidance, to open up to 
students the vista of opportunities in science in the high school, in college, 
and in the world. In one junior high school which we visited, a week’s time 
(five class periods) was spent each year on discussing future science work. 
This led to individual conferences which were carried on during laboratory 
periods, and before and after school. 


Conceptual schemes as a frame of reference 


We have indicated on p. 317 the hind of content which seems to be uti- 
lized throughout the country. The content clearly draws from all of science, 
In a preliminary or introductory way, nearly all the major conceptual schemes 
of science are involved to the extent that children find them useful. Possibly 
this is the way it should be, since at present not all youngsters go through high 
school, although almost all go through the ninth grade. 

How far does a teacher go in developing any single conceptual scheme? 
The answer lies in two directions: 


l. A teacher goes as far as he can by giving individual students who are 
willing and able the opportunity to go as far as they can. (See Chapters 4 
and 9; see also Section V, Tools for the Science Teacher; see also "projects" 
in the accompanying volumes in this series.) 

2. A teacher is limited by the mathematical skills of the students in the 
class, unless he is in a core program or a course flexible enough that he can 
develop the new mathematical skills needed at any given point. 


We have found curricular schemes which enabled students to go as far as 
to design a simple binary digital computer, to build a small telescope or a small 
rocket, to maintain a museum, to develop the genetics of Drosophila, to read 
with understanding Girard's Unresting Cells; to begin the calculus. This work 





IR, W. Girard, Unresting Cells, Harper, N. Y., 1949. 
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723-How are we affected by the air around us? — 

124-How does the weather affect our mode of living? : 
725-How do the movements of the earth (as a planet) affect us 
72.6-What is the place of the earth in the universe? 


Grade 8. How Science Helps Us Meet Our Basic Needs 
Unit 8i—Increasing and Improving Our Food Supply y 
Problem 81 1-What kinds of foods are needed for an adequate diet? 
81 2-How can we make better use of the foods we have? 
81 3-How can we increase our food supply? 
Unit 82—Increasing and Improving Our Use of Natural Resources | 
Problem 82.1-How do we get some of the raw materials we need in industry? 
82 2-What facts do we need to 1now to choose clothing wisely? 
823-How are dwellings made and serviced for good health and 
safety? 
Unit 85—Making Work Easier . 
Problem 83 1-How does the energy available to man affect his standard of 
having? 
83 2-How do machines enable man to perform difficult tasks more 
easily? 
83 3-In what other ways can machines help man? 


Grade 9: A Better World Through Science 
Unit 91--Speedier "Transportation 
Problem 91 1-Why is improved transportation important to us? 
-2-What makes an automobile or truck run? 
What makes an airplane fly? 
-4-How are boats propelled? 
91 5-How are locomotives driven? 
Unit 92—Improving Communication 
Problem 92.1-How do present methods of communication enable people to 
understand each other better? 
922-How do we vse sound for communication? 
92 3-How may signals be transported over wires? 
924-How do we use our eyes for recerving communications? 
925-How can proper illumination be obtained and mamtained? 


92 6-How can we make a permanent record of events as they occur? 
Unit 93-Prolongmg Your Life 


Problem 93 I- What functions of the body maintain good health? 
93 2-What are some causes of il! health? 
93 3-How are infectious diseases controlled? 


93 4-How has the use of chemicals contributed to better health? 
Unit 94£—Our Atomic World 


Problem 94 1-Why is radioacuvity of concern to us? 
94.2-How is rachoactivity explained? 
94 3-How 1s energy obtained from the atom? 
‘944-What are some present and future uses of atomic energy? 


Time allowances. In accordance with the recommendations of the Board of 
Regents of the State of New York,* a minimum of three 45-mmute periods shall 
be devoted to this course in the seventh and eighth years and five 45-minute 
Periods in the mnih year. In schools combining the seventh and eighth years, 2 
minimum of fixe 45 minute periods shall be devoted to this course in either tht 


* Scence 7-8-9, Bureau of Secondary x ^ Statt 
Education Department, Albany, 1956, Cumaon Development ien X9 
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CO, is used, that glucose is the raw material of photosynthesis, and that O. is 
2 by-product of the process. 

In biology or in physics the teacher may deal with the photosynthetic effect 
of different wave lengths of light by having elodea placed in test tubes wrapped. 
1n blue, yellow, and red cellophane. Of course, if the students indicate a strong 
interest based on prior experience, the entire sequence could be developed in 
earlier grades. The readiness of the students is more important than the par- 
ticular grade in which they happen to be enrolled. 

In short, repetition in a new context is an aid, not a hindrance to concept 
building. Concepts must be built on something, and that something is the 
previous experiences and concepts which the children have developed. Finally, 
who knows what happens in the brain of a boy or girl? What happens when a 
student hears something or sees something he has experienced before? What 
are the advantages and disadvantages of having it in a new context? 


Special considerations in teaching general science 


Note that in the preceding three chapters we have included 2 section in 
which we have considered the flavor and the problems in the course. It is for 
this reason especially that we have placed the consideration of general science 
after that of the other courses. General science is a derived course, taking not 
only its content, but also its flavor and problems, from the major science areas. 

Except for one thing: the students are much younger, and their lack of 
maturity (i.e., experience) makes certain areas particularly sensitive ones. These 
areas are the sensitive ones of our generation: sex behavior, religion, and so 
forth, Hence, most general science courses avoid these areas. This lack of 
maturity or experience also limits the amount of mathematics which can be 
used in the course; hence the physics and chemistry taught are almost always 
descriptive. 


An excursion 
into developing one's own course in general science 


15-1. We urge you to get this excellent set of materials; they were carefully 
developed by teachers for use in general science by the State Department of 
Education, New York State, Albany: 

The General Science Handbook, Parts 1, 2, and 5. More than 2,500 care- 
fully selected science learning activities are included in the three volumes. A 
cross index to all three volumes is included in the syllabus, Science 7-8-9, 1956. 

General Science Survey Tests, Forms A and B. Packets for each form con- 
tain 25 booklets, 25 answer sheets, 3 class record sheets, | answer key and 
1 manual, 
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was done by giving individual students, or groups, the opportunity to ee 
a corner of the classroom, a basement or room in one of the stu es S 
the laboratory before and after school, or a corner in the laboratory of a 

Ts1L i 
ea hé queitióin 15 not where one can limit the conceptual schemes, at E 
far one can go. \nd what will happen in the senior sciences, say n logy i 
youngster “knows” Mendel's laws; or in physics, ifa boy or girl aah in 
laws of the period of the pendulum, or in chemistry, if a student "know E 
structure of chlorine? What a wonderful opportunity to extend that boy's i 
girl's knowledge and skill! What an opportunity to increase the ranks 
scientists] I 

This leads us to one of the nagging problems in teaching any subject which 
is "introductory" to another in the same area. How docs one avoid repetition 
of content? Actually this is a curious question, , 

What would i English teacher say if one were to ask, "Why sho 
students reread this poem? They've read it once. Why reread Macbeth o 
Hamlet? We've all read them once" An English teacher would say that one 
benefits from rereading a worthwhile bit, poem, play, or book; one benefits 
from contemplation; the book docs not become a better book through "i 
reading and contemplation, but we become better people. We see ind e 
material new ideas, new depths of meaning to which we were not sensitive 
earher, For example, Lewis Carroll's Alce ın Wonderland is to ekilar a 
fantastic, amusing, topsy-turvy world, while to some adults it is a rich social 
satire, 


Similarly, a mathematics teacher would not be concerned about the re 
peated use of arithmetic or algebraic operations, 

Surely the possibilities of scientific topics, 
behavior, are not exhausted b; 
junior high schoolt 

Teachers in general should be cone 
repeated in the same context and for the 
“name” the poles of a magnet. 
teaching situations in which thi 
with new meaning. They know 
and broaden concepts, 
concepts, They know th 
ined in varied new con 
more profound scholars! 
of facts. To illustrate: 


In the elementary school a youngster may learn that green plants do not 
Tow well in the dark, that they mature only in light. In the seventh grade, 
there may be a d 


cmonstration and discussion to show that green plants make 
starch in light. In the ninth gra 


de, reconsideration may show that oxygen is 
a by-product of the starch-making. The teacher may even develop the idea that 


say genetics or optics or homan 
y preliminary explorations in elementary an 


erned only if the subject matter is 
same purposes, e.g., learning how to 
Skillful teachers constantly attempt to create 
e subject material appears in a fresh context 
this is the way to fix concepts, to strengthen 
or to bring about the formation of modified or new 
at the meaning of a concept increases when it is exam- 
texts, In this way they build in depth and produce a 
hip than if the concept were based upon only one set 
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TABLE 15-5 A course in earth science 


1. The earth's surface 
A The earth's cust 
1 Mantle roch and bedrock 
2 Land forms 
5. Minerals 
4 Rocks 
B The waters of the earth 
l. The oceans 
2. Ground water 
C Using maps 
1. Map projections 
2 Topographic maps 


I Destructive forces 

A. Weathenng 
1, Mechanical 
2. Chemical 
5. Factors inftuenainz weatherog 
4. Resulis of weathering 

B Erosion 
1 Action of ground water 
2 Aquon of running water 
3 Action of moving air 
4 Action of moving 1ce 
5. Action of waves and shore currents 


III. Constructise forces 

A. Diastrophism. 
] Farth movements 
?. Major land forms 

B. Vulcanism 
1. Extrusive vulcanism 
2 Intrusive vulcanism. 

C. Outstanding phvwographic features 
1. Of New York State 
2. OI some of the nauonal parks 


IV. The age of the earth 
A. The rock record 
1. Crustal processes 
2 Rock sequence 
3. Fossil content 
4. Radioactive minerals 
B. The earth's history (over three bil 
hon seary’ duration) 
1. The earth's bemnning 
2. Geolozic history (over 190 bilhon 
years’ duration) 





V. The earth in space 
A. The earth as a planet. 
I. Characteristics of the earth 
2. Planetary motions 
3. Time 
4. Location 
B. Stars and galaxies 
1. The sun and stars 
2. The galaxres 


VI. Local weather changes 


A. Temperature of the air 
1. Insolauon 
2. Transfer of energy 
B. Pressure of the arr 
1. Werght of air 
2 Factors affecung pressure changes 
3. Pressure changes and local weather 
C Local winds 
1. Origin 
2. Effect of rotation 
$. Measurement 
4. Wind direcuon and weather 
D. Mossture in the air 
1 Evaporation 
2. Condensation and precipitation. 


VIL. Air masses and fronts 


A. Structure of the atmosphere. 
1. Composiuon 
2. Extent. 
B. Atmo«pheric circulation. 
1 Planetary winds 
2 Special winds 
C. Movement of air masses 
1. Air masses 
2 Development of fronts 
D. Cyclones and antia clones 
1. Onzins 
2 Storms 
E. The weather bureau 
1. ‘The weather map 
2 Weather forecasting services 
3. Value of weather services 
F. Climate. 
I Clunatic controls 
2 Climates of the world 


—————— 


15-8. In some junior high schools a core program involves English and social 
studies while science and mathematics are taught separately. What values and 
what deficiencies can you see in such an arrangement? 


15-9. What characteristics should a teacher of science have to work. happily 
and effectively (a) In a “child-centered core program"? (b) In a school having 
à core program in English and social studies? 
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General Science Equipment Inventory. A complete check list of supp 
and equipment organived to facilitate ordering and making the annual in 
ventory : . 

Source Buuk of Test Items for Teachers of General Science. A collection 
ol short answer test items for each of the ten areas outlined in the syllabus. 

Planning Science Facilities for Central Schools. Specifications for sciente 
rooms including furmture, equipment, storage space, and worl space. 

Film Round-Up No. 16, General Science. A list of carefully selected films 
organized under cach of the 10 syllabus areas. 


35-2, How much science do your students know? How much have they learned 


in the elementary school? Have you administered some of the standard tests 
listed on pp, 482-33 in Chapter 20? 


15-3, Have you copies of the courses of study developed in general science » 
teachers an various cities? Write to the Director of Instruction, City Board of 
Education. (See the “Excursion” at the end of Chapter 12 for information on 
where to get curriculum materials ) 

Have you co; 
workbooks? 

Have you recent] 
their own classrooms? 


pies of ten or more recent texts, and their accompanying 


y observed other teachers of general science at work 1n 


15-4, Now examine the course in ea 
that it is being considered by teacher 
grade, in various situations: 

(à) Where the previous genera] science 
48, in your estimation, “poor.” 
have missed? List not only subj 


rth science shown in Table 155. Anus 
ts to replace general science in the ninth 


and elementary science expenence 
What areas of experience would the children 
ject matter areas but skills, attitudes. . 

(b) Where prior general science (grades 7 and B) and elementary science 
experience is "excellent." Again, in your estimation, what advantages or dis 
advantages would be introduced by the substitution of this course for genera 





‘mentary science, general science, biology, chemistry. 
and physics? What disadvantages? 


ich represent curricular organizations 
of types 1, 2, and 8 (see P. 319). Compare their selection of materials, emphasis, 
and range of concepts. 
15-6. If you were teachin 


E 2 "child-centered course" 
use the available general 


of type 4, how would you 
science texts? 


15-7. For some topic which you know weil, compare the subject material pro 
Posed in texts organized according to types 2 and 3. 


398 INVENTIONS IN SCIENCE courses 





seems to be a growing belief that a physical science course might serve the aims 
of general education (as developed by the Harvard Report and other publica- 
tions) better than would separate courses in physics and chemistry. This seemed 
to be the base for the origin of the biology course which replaced separate 
botany and zoology courses (Chapter 12); and perhaps the integration of the 
physical sciences will follow somewhat the pattern of the earlier amalgamation 
of the biological sciences. 

Still further, colleges generally accept the course for admission. Carleton * 
found that among 95 colleges, none were unwilling to approve it. 


Tentative patterns of courses in physical science 


The trend toward the physical science course—if indeed it proves to be a 
trend~is too recent, too experimental for us to discuss it as fully as we have the 
older, more established courses. We shall simply make two general comments 
and then present in tabular form, without comment, five course outlines that 
seem as typical as is yet possible. 

First, the course has not yet "sought its own level.” It is presented in 
various grades and aimed at various types of students. For example: 


1, Physical science in the eleventh grade, followed by physics or chemistry 
or a term of each in the twellth grade. 

2. A two-year course, substituting for physics and chemistry. 

3. A ninth grade course for the science prone. 

4. A general education course, for noncollege-destined students, in the 
tenth, eleventh, or twelfth grades. 


Second, the course varies in its approach to the laboratory from a demon- 
stration-lecture course to a course in which full laboratory work (as in chemistry 
or physics) is offered. 

Tables 16-1 through 16-5 present brief outlines of some existing courses, 


TABLE 16-1 A tenth-grade course in physical science * 





1 Introduction @ weeks) E uzh 
IL Solar sstem (3 weeks) Fe PAR 
VI Chemin (12 weeks) 

A. Chemical change 
IV. Energy (2 weeks) B Nature of chemicat processes 
V. Physics (15 weeks) eng 

et D Nonmetats and compounds 

1 d eR E. Orzamc chemutry 
cow F. Useful metals 

Work, energy, and power 
D. Sound 


* Nehon L. Lowry. "Biolecr and Phiical Saence for Ninth. and Tenth Grade Student,” 
Science Education, Vol. $3, March 1951, pp. 1-73 
a a ei E 


Robert H. Carleton, “The Acceptatihty of Phesical Sciences as a College Entranoe 
Unit," Science Educetion, Vol. 30, Apt. 1916, pp. 127-22. 


UI. States of matter (2 weeks) 
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CHAPTER 16 


Inventions in science courses: 


The course in physical science 


2 é ; , biolog}, 
A note at the beginning: As generat science is derived from geology 


ü de 
chemistry, and physics, so physical science scems p ie in 
rived from geology, physics, and chemistry; it mig! 
described as science minus biology. ‘ar Il 

War changes many things. Just prior to World Nur 
Watson? reported that physical science courses d eat 
in 51 cities of over 25,000 population located in 26 Me 
states During the war the course virtually diaper 
was replaced by special courses, the so-called ie An 
A stidy by Johnson! in 191748 of a stratified ranı e col 
ple of 755 public high schools listed only seven 

iving courses in. physical science. E o 
5 And now? Theroae indications that the course is ea 
ing bach, although it is too early to make any denne Pa 
dictions as to the form it will take or even the success it be 
have. Carleton, who has done major work in this ee us 
leves that this is 59 Let us look briefly into some ol d 
reasons why this might indeed be so, and then examine 
various tentative directions the course seems to be taking. 


Bases for a course in Physical science 


‘The Harvard Report, 
Point that "Science instru, 
elements,” and further it 


General Education 


in a Tree Society,s develops the 
ction should be cha: 


Tacterized by broad integrative 


Lime R. Watson "A Comparuon of the Growth of Sı 
in High Schools and an Colleges? Semana Education, Vol 24, Jan, 1940. pp. 14 30. 
3 Philp G Joknson, The 


t 
Feaching of Science in Public High Schools, U. S. Office ol 
Education Bulletin No 9, Washington, D.C, 1950. 

4 Robert H Carleton, “The Co 

Study of Education, Forty-Sixth } 
U. of Chicago Press, Chicago, 1916 


* Harvard U. Press, Cambridge, 1945, 


urse in Physical Science,” 


in the National Society for the 
earbook, Part 1, Science’ 


Education in Amencan Schools, 
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TABLE 16-5 A two-year course in physical science 
in a private school (with comments by its originator) * 





I. First year G. Machines 
A; Heat H. Hydrostaucs 
B. Hydrogen I. Light 
£. O; 
D. Water IL Second year 
E. Carbon and its compounds A. Electriaty 
F. Chemical problems on weights and volume B. Chemistry [further] 
C. Mechanics 


D Atomic energy 


* "The immediate problem was to devise a suitable course (a two year sequence) beginning in 
the tenth grade that would lead to advanced work in the twelfth grade. The usual one-year 
courses in physics and. chemistry (the so-called College Board courses) were already offered. 
But these for obsious reasons were unsuitable—the physics course assumed more mathe- 
maucs than was offered in the tenth grade; the chemustry course included many concepts 
which, unless bolstered by physics, would be largely unintelligible at this early stage. 
The obvious compromise was to draw up a syllabus which included both physics and 
chemistry, but planned in such a way that the physics would not get beyond the range of 
the advanang mathematics, and the chemistry would derive the maximum benefit from 
the physics. Thus a physics-chemistry course (a two year sequence) was established... . 





“There are several reasons why Heat is a good starting subject for this course. The various 
topics in elementary Heat are uncomphcated—they can be understood without too much 
dependence on physical concepts from other fields. Moreover, tbe mathematics involved i$ 
simple, usually not beyond the range of tenth-grade students, many of the ideas have a 
direct bearing on the elementary chemistry which follows, particularly concerning heats 
of reacuons and the heat values of fuels.” (John C. Hogz, "Science at Exeter," New England 
Association. Review 6, 1, Nov. 1957, p. 16) 

————M————————————— 


A look at the future of the course in physical science 


It seems apparent that the course in physical science is again gaining atten- 
tion, particularly as the high school accepts all the students with their great 
variety of gifts and circumstances and opportunities. Brown,* in a definitive 
article written in 1953, cites the following as a kind of summing up of the status 
of the physical science course. 


1. The physical sciences are yielding. There is a shift in emphasis from 
concern for subject matter to concern for the learner. [Note: Is this true 
now? 

1, ‘There is no clear-cut paniern for these courses and little evidence of an 
integrating theme, although there is general agreement on the desirability of 
integration. : 

3. ‘The proper role of the textbook is not clear. Possibly an entirely new 
concept in textbook design is needed. 

4. There is uncertainty concerning laboratory work. There is agreement 
on the desirability of providing the opportunity for indwidual and group 
activities. How to adapt the laboratory of conventional chemistry and. physics 
to more functional purposes is the problem. New kinds of laboratory experiences 
may well be needed. 


on E: Broun, “Trends in High School Courses in Integrated Physical Science,” 
National duecration of Secondary-School Principals Bulletin, 37, p. 83, 1953. 
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TABLE 16-2 A “practical” course in physical science * 
a rre e i i ih 

Introduction 

How can comfort be mereised by air conditioning? 

How does scence improxe our homes and office buildings? 

How does watcr control our way of nang 

What should we loob for when buving an automobile? 

How do we ebta.n our gasoline? 

7, Do we ob.ain food and porson from the same molecules? 

8 Wa plasucs and the new synthenic textes make nations independent? 
9, How do we obtain the most valuable metal 

YO, Whats wrong wath this preture? 

11, What has science done for communication? 

12 What u there lelt to ment ang discover? 


ec 





* Shailer Peterson, "The Evaluation of a One-Vear Course, the Fusion of Physics and cem 
3517). stb Other Physical Spence Courses,” Science Education, Vol. 29, Dec, (00, pp. 255 


————————————mM 


TABLE 16-3 A “functional” course in physical science * 


mn rn 


I Meteorology, earth science, and astron- 


ML. Materials and processes 

omy A. Metals, building materials, and ghas 
A. The weather B. Chemical products 

B The air C. Fabrics 

C Water 

D The earth 1V. The home 

E The heavens A General 


g B Personal 
Ii. Communication and transportation 


A Commumcauon 
B. Transportation 
C. Fuels 


V. Onentauon 
A. Men of science 
B. Worl. and leisure 


* M. E, Mernot, and Charles Fl. Nettels, ^F. ? Curriculum Journal, 
Aon Win peace os ‘As, “Functional Physical Science,” Curriculum J 


— M MÓMÓMMMÓM — 


TABLE 16-4. An intermediate-level covrse in physical science * 
——— aaaaamammamamamamamamamamamamauaaauaaIlIMu 
1 The earth in space 5 Heat 
2 Atomic structure of matter 7 Electricity 
3. Combinations of atoms 8 Light 
4 Atomic energy 
9 Cons 
5 Work and machines P 


* From à West. Coast school. The is 2 
E s course is of the same order of difüculty as the “average 
ology wne, and is mended for students who are not science prone, but may or may 

ge bound. Standard geology, chemistry, and physics texts are used- 
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Inventions in science courses: 


The unit in the course 


A note at the beginning: When a student says “I know that the earth is round,” 
or "I know how plants make starch," or “I know the name 
of my teacher,” what does he mean? The verb “to know” 
in English senes a dual purpose: it can mean to recognize 
(be aware of or familiar with) and it can also mean to un- 
derstand (comprehend, make a part of oneself). Most lan- 
guages employ two different verbs (French, connaitre and 
savoir, German, kennen and wissen; Spanish, conocer and 
saber) for these two very different meanings. We use one 
for both Therefore, we must be very careful that recogni- 
tion does not pass for understanding. We must teach, and 
plan to teach, specifically for understanding. We do this 
in planning the lesson (see Chapter 7); we do this in plan- 
ning the course (see Chapters 10 through 16, and 18); but 
we do this to best effect in planning the unit. 

As a basic proposition we must observe that everything 
learned in school could be learned outside of school. But 
there is no need for students to learn everything through 
the “school of hard knocks” or in isolation on their own, 
What then is the purpose of a school other than to expedite 
learning (which it does through careful selection of mate- 
rials)? This forces the question: What learnings, both recog- 
nition and understanding, do we wish or can we expedite in 
school? As a corollary, how will our instruction most ef- 
fectively expedite these learnings and how can we tell that 
such learnings have occurred? 

Irrespective of the particular answers made to these 
questions, planning for instruction is essential. This in- 
cludes planning for the daily lesson (Chapter 7) and plan- 
ning for the thirteen-year sequence from kindergarten to 
high school graduation. It also includes planning a block 
of learning in between these in size: the unit. 
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5 There is general agreement on the use of field trips and for making ue 
Of all kinds of resources The problem is to find the time. E eae 
6. Courses have been developed by teachers on their own time, alihoug 
i S 
county and local workshops are being used to help in some places 1 
7 The teacher as sull the “hey” figure; some approach the idea with en 
thusiasm bus some seem overwhelmed by the idea. 3 
8 Present teacher tramıng programs fail to produce the kind of teacher 
needed Inservice education is important, . 
9 Units or areas are generally regarded as resources or guides rather than 
as infleuble blueprints nd 
10 Many modern courses in physical science have been approve 
lege entrance credit j 
1U. Pupil planning should play a large part in the flexible class procedure 
suggested m No 9 above sai he 
12, Integrated physical science courses are probably as well suited as 
basis for further college work as are existing special courses, 


i 5 i ial 
13, As a terminal course, a physical science course may be superior to speci 
courses. 


14. Careful consideration should be given to the contributions of the e 
Panding program of elementary science in planning physical science courses á 
15. Studies should be made of the results of instruction in physical scienc 
courses, and of claims for these courses such as suggested in Nos. 12 and 18 above 


A brief excursion 
into developing a course 
in physical science 


For those teachers who want 
science, we recommend not only an 
science (although a combination of 
papers: 


Miles, Vaden L, “A Determination of Principles and Experiments for an Integrated 


Course in Physical Science for High School," Science Education, Vol, 33, March 


a + Pp. 14752, pp 198 205, A 
Physical Science Symposium, * ‘hysical Science Today,” Science Teacher, Vo) 18, Nov. 
1951, pp 1321. 


Robinson, Myra G., “The Contributions of a Fused Science Course to General Educt- 
pone’ Schoo! Review, April 1946, pp. 2159] 


Tenney, Asa C, “A Fused Physical Siem Course, 
on the Function of Sctence in Genetal Education, 
N. Y.: D. Appleton Century, 1938, PP- 477-500. 


to develop their own courses in physical 
examination of the present texts in physica 
texts might be used), but also the following 











n the Report of the Committee 
« Science in. General Education, 
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citing work of others, being honest about the data, and in the social domain 
considering the proper role of scientists in the society, as well as the ways by 
which the results of scientific work are applied through technology. Thus, 
units are likely to include all three aspects, but one or another may be 
emphasized. 


The teacher who is conscious of the ultimate goal-integration within the 
learner—will therefore plan all units toward that end. All units wil] deal with 
subject matter and materials, with processes of study and thought, combined in 
experiences best suited to the ultimate and immediate goals. The diference be- 
tween units which are. basically alike will be in the emphasis put on subject 
matter. — on the one hand. and upon processes of problem solving, generaliz- 
ing, critical evaluation, and other patterns of study and reffecuve. thought on 
the other hand 

The key to the varying emphasis hes in the level of maturity, the experiential 
background, the purposes. needs and interests of the learner. These factors in- 
escapably determine which. experiences. will be educative, that is, will enhance 
the integrating growth of the learner. 


Building a unit 


Many formats for arranging units have been proposed, Surely, there is 
no magic in how the teacher's plan is put on paper; no format is sacred. Yet 
certain questions are critical in the planning, and should be forced continu- 
ously upon the teacher as the plan is developed. Among such questions are 
these: 


1, Why will the pupils be interested in the unit? In its parts? Without 
involvement of the pupils, the teacher will be pushing a large dead weight 
which will drag, buckle, or stray during the class sessions. Therefore, how does 
the teacher involve the students so that the study utilizes their enthusiasm 
and energy? 

2, What evidence can be presented firsthand or vicariously which will 
stimulate the formation of new, larger concepts than the students had for- 
merly? Especially in science we constantly appeal to the “stubborn, irreducible 
facts” to determine whether our ideas provide useful predictions. The avail. 
ability of evidence through laboratory work, demonstrations, field trips, films, 
reading may limit or broaden what we can accomplish through the unit. 

3. How can we determine the success of our instruction? What observable 
behasiors will the students exhibit that reveal learning? Unless we continually 
check upon how well we are progressing, the class operation may dissolve into 
aimless activity without approaching the objectives intended. 

4. But of greatest importance are the teacher's objectives. Since we are 
viewing science as an intellectual activity, such objectives take two parallel 
forms: 





? Burton, op. cit, pp. 393 94. 
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The purposes of units 


A unitis a planned block of study unified by those major concent wha 
comprehension involves certain skills and abilities. The plan ota: E 
class use 1s based on an awareness of the importance of the major ideas a a 
realization that they can have no meaning to the learner if they hang hen 
aur as verbal statements without roots in experience. The teacher's centra a 
im designing a unit is the isolation of large ideas or concepts to be ont 
hended and significant abilities to be developed by selected picasa 
In many ways a unit. plan is similar to a legal brief. It is a clear sta ais 
of the intent of the argument and the evidence, as well as the pres T 
(established concepts) which will support the argument and the akon 
Such a brief is prepared by both counsels and submitted to the judge elas 
the case opens, This allows the judge to consider the niceties of the legal - 
tinctions to be made and to check on the previous decisions used as pre e 
dents. In school such a unit plan might be discussed with other teachers 4 
advance of use for their advice and further suggestions, As is quite apparent 
the legal argument submitted to the judge does not determine the st 
which the lawyers will Present the case in court. They may begin in the mi 


eut z 
or at the end of their brief, They may introduce histrionics, pathos, suspens 
surprise in their effort to convince the jury. 


Similarly the teacher may ans 
the class in many Ways to achieve the ends clearly diagnosed in the unit plan. 
Effective unit desi 


z m 7 i es 
En necessitates viewing learning as dynamic. AII ope 

of learning are occurring simultaneously, Factual information, concept mor ii 

cation, skills and abiliues, attitudes Brow together, not one at a time, The uni 


isa plan by which we attempt to provide a rich and diversified “experience 
in search of meaning," 

The initial definition of a unit and its potentialities for evoking under- 
standing rather than mere recall were stated in 1926 by Morrison. Since then 


there have been many labels given to units: subject matter units, topical units, 


experience units, and so forth, Gradually, the possible variety of units was re- 
duced, until in 1945 Smith concluded that the primary intentions of units 
might be: 





Burton? observed in 1952 that 
units, but with 


Varying degrees of emphasis. If we looked at Smith's three types 
of units, we would Probably feel that most of those in science would be “proc- 
ess units.” Bur Surely we ar, 


© concerned with establishing critical skills and 


abilities, A, concerned with establishing policies: properly 
ee 


nd often we are 





iy Gibanel Sau, “The Normative Unit," Teachers College Record, 46, 219, 1915. 
val! Ruston. The Guidance of Learning Actwitses, 2nd aly Appleton-Century Crofts, 
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taneously, and the format of the unit serves a very useful purpose when it 
makes this clear. 

More recent unit plans have indicated an awareness of this simultaneous 
development by arranging the objectives, activities, evaluation ideas, and even 
the bibliography in parallel columns. But no published plan which we have 
seen includes all these factors. Therefore, a new design is presented here 
(Fable 17-1); perhaps it ma) be useful. 

So far, our discussion has included the components which are essential 
to the practicing teacher. But others, school administrators, parents, are also 
interested in the essential purposes of the planned instruction. Therefore, a 
brief preamble, or "overview," which explicitly describes the relation of this 
unit to the general goals of the total school program, is often desirable, An- 
other prefatory section might indicate several possible means by which the 
attention of the students could be focused on the unit. 

Teacher objectives should be terse and clear. These are statements of 
concepts to be built through the students’ activities. Unless the concepts are 
clear, you will not know where you or the students are headed. Burton has 
recommended the form: “Understanding that—.” Grammatically this must 
be followed by a complete and explicit statement. A common alternative is 
“An understanding of—," but where does this lead us? Generally, we will 
find something like this. "An understanding of the relation between a plant 
and its environment.” Os a statement like this: “An understanding of the 
five simple machines.” What relation? What understanding? No other teacher 
can tell what is sought, and even the user of such a unit cannot tell when he 
has accomplished his purpose. Class time is brief, and our responsibilities are 
Many; we must be explicit so we can tell when we have been successful. The 
form in which we present our unit plan can serve to force us to ask the neces- 
sary questions and keep our purposes as teachers always before us. 











TABLE 17-1 (cont.) 








Equipment and 
Pupils objectives Evidence supplies References 
Anticipated ques Direct experience to Speafic things Relevant reading 
tons uke gain answers to needed for the materials, specific 
How? their questions in: particular activi references to: 
When? Classroom ties Listed: Books 
How much? Community Equipment Journals 
What happens Field trips Supphes Periodicals 
it... Ficarous experience Films Pamphlets 
What is the relation through: Filmstrips Encyclopedias 
between... ? Films 
What has this got to Filmstrips 
do with me> Recordings 


Aur a i i i 
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2. What large concepts are sought? : 
b What aspects of scientific inquiry can be illustrated through the 
development of the new or enlarged concepts? 


We might describe these two types of objectives as the products of science and 


i i for it 
the process of science. Of the two the process is of greater "HUNE Hx 
will be available to use on new problems yet unknown to the studeni Pa x 
ever, without some products to build upon, no process can be praci 


- m 
illustrated. The two are as mterdependent as a refining plant and the 
materials to be refined. 


The function of format 


Now the function of the for 


mat used appears; its purpose is to keep be 
fore the teacher the several questi. 


ions which must be considered imuliina 
In many units published some years ago the various questions were conside 
sequentially down the page. First came the teacher's objectives, often in ae 
siderable detail. Then, below, usually came a series of interesting sd 
in the form of experiments, field trips, demonstrations, and such. Below n 
same some evaluation possibilities and then probably a bibliography that mig! i 
be useful, What was likely to happen is clear: The objectives were glans 
through, the activities were Considered as the "meat" of the unit, ind emus 
tion was postponed to that dreadful moment at the end when something i 
to be done about grades, Actually all these aspects of teaching go on simul 


TABLE 17-1. A suggested format for unit planning 


t 
Ve To edminstrotors and parenti how unit would be ef use to pupils; types of learnings pups 
would gam from il. 


2. Large objectives to be str 


essed. how related to larger objectives of course and total program 
3. Verious intial means of 


focusing pupil interest on the unit, 


TEACHER'S OBJECTES 


Process of scientific inquiry, 





Results of scientific inquiry, Behavioral objee 
pervasive objecties. limited objectives tives, evaluatio 
How do we know? What regulanuies, patterns, gen- What does the s 
How well do we know? ralizations, laus, etc, can we dent do that mdi- 
Qv do we make sense aut of fd among speafic observable cates he has at 
Oberiatle phenomena? phenomena? complished the 
How can we study things and Where are these regularities ap- learmmg intend: 
events we cannot see? plicable? Predictions 
What tind of sense do we make Where are these regularities not Demonstrations 
from our obsersations> applicable? Reading 
What ae the consequences of wit? degree of secunty do we — Crincism 
the sense we make? have in using these regulari- Projects 


tres in predicting new results? 


aee Le S 
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illustrated and practiced through this study. First, there is a need for classifi- 
cation in both kind and amount. We would need to isolate the factors prob- 
abh influencing the growth of a plant. Many of these, like rainfall and tem- 
perature, are expressed in numerical form, so “how much: becomes impor- 
tant. Graphs might be desirable. Many predictions would be made and 
Checked b} observations. The peculiar nature of negative evidence (“we ex- 
pected lady-slippers but found none") would have to be considered. The im- 
portance of time for experimental studies in biology would be obvious. Like- 
wise, the myriad of specific observations necessary in any study could not 
be avoided. Efforts to group and describe the environment according to cer- 
tain not-obvious attributes like soil acidity would be necessary. A much larger 
list could be continued from here. 

What supporting materials might be used? A great variety of periodicals 
on farming, gardening, and forestry could be used. The Yearbooks of the U. S. 
Department of Agriculture would be very helpful. Texts on biology and botany 
should be at hand. And special attention should be given by the teacher 
during the planning to two excellent publications: Handbook for Teaching 
of Conservation and Resource-Use* prepared for the National Association of 
Biology Teachers, and Conservation Education. in. American Schools? pre- 
pared for the American Association of School Administrators. Both of these 
books have many references and suggested activities. In addition, considerable 
"useful material can be obtamed from various industries concerned with farm- 
ing, baking, and nutrition. 

A unit on tbis topic could tie in, before or after, with a study of geology 
and the formation of soil, with a discussion of evolution; with wise land- 
usage and conservation; with meteorology; with nutrition; with practical 
gardening, and local town and school beautification; with the dependence of 
all animal life upon plant hfe. Any study in science has so many contacts 
with other general topics that coherence within a course is easily obtained. 
The teacher need only scout the possíble leads in advance, and emphasize 
those leads when they appear during the umt to set up the extension of this 
study through the next unit. 

The previous knowledge and concepts of the students, their readiness, is 
now put to work. Recall is necessary, and personal review is probably desirable 
to clarify points that now take on new significance. The opportunities for work 
at different levels of ability are obvious. So is the involvement of many skills 
in gathering information and organizing it in compact form (charts, dioramas, 
models, garden plans, model farm plans, reports on local areas, etc.). Each such 
activity, in which the student feels a personal pride and responsibility, en- 
courages him to seek out ever more information, so that his final report will 
be as accurate and comprehensive as possible. 

Now the material above is not a unit. It is only the first exploration of 








5 Richard L. Weaser, Interstate Printers and. Publishers, Danville, IIL. 1955. à 
5 American Association of School Administrators, Tirenty-Ninth Yearbook, Conservation 
Education in Amencan Schools, NEA, 1951. 
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An approach to a unit on plants and their environment 


Consider now what changes occur if we restate the first example ae 
the form “Understanding that.” We come to something like this PA 
derstanding that the growth of a plant 1s inumately related to its imme 
environment.” Now what do the words mean? We can accept common espere 
ence as providing a starting point for what is meant by “growth! and p 
But how about "intimately related" (in what ways?) and “immediate enun S 
ment" (how immediate, what aspects?)? Our format has led us toa iie : 
subquestions whose answers are the building blocks upon which the large 
concept rests. Some of the subconcepts might involve investigation of: 





Importance of rainfall: average, maximum, minimum, annual distribu 
ton, flooding. 

Temperature and its range’ average, maximum, minimum, where m 
ured, period above some minimum for plant reproduction, life-cycle of arcti 
plants, 

Sunlight: amount, annual variation, local shade. d 

Soil composition, texture, acidity, mineral abundance, water table, an 
plant root depth (desert plants). 

Presence of predators: insects, mollusks, animals. 

Characteristics of plants generally found together. 

How man's activities disrupt the environment, 


"To reach any type of valid (trustworthy) generalizations about the signif 
cance of these and other factors, the best (how do you know it is "best ) 
growing conditions for many different plants would need to be defined. This 
might take the form of “one plant—one student” after the list of important 
factors has been started cooperatively. Since additional factors would be dis 
covered during the investigation, the initial list need not be all-inclusive. 2 

How might the data be obtained? Partly, surely, through direct experi 
mentation, but this would require time for the plants to grow enough, and 
appropriate heating and soil condi ions. Films might add certain information 
and evidence of how plants grow. Field trips to a forest, a pond or marsh, the 
seashore, a meadow, the desert—whatever is at hand would put the study on 
solid ground. A greenhouse, either commercial or private, offers many possi 


bilities Speakers such as a nurseryman, an experienced flower gardener (per 
haps a parent of one of the st 


: tudents), or a forest ranger could be helpful. The 
Possibilities are numerous, depending upon the community. In a large city 
the pattern would differ from that in a suburban or a country school. 

oint out how this study would demand information 
and concepts from many areas of science. These would not necessarily be 
“taught” but rather “used.” The children would have some previous know! 
edge about each area 


‘There is no need to pe 
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illustrated and practiced through this study. First, there is a need for classifi- 
cation in both Lind and amount. We would need to isolate the factors prob- 
ably influencing the growth of a plant. Many of these, like rainfall and tem- 
perature, are expressed in numerical form, so “how much?” becomes impor- 
tant. Graphs might be desirable. Many predictions would be made and 
checked by observations. The peculiar nature of negative evidence ("we ex- 
pected lady-slippers but found none") would have to be considered. The im- 
portance of time for experimental studies in biology would be obvious. Like- 
wise, the myriad of specific observations necessary in any study could not 
be avoided. Efforts to group and describe the environment according to cer- 
tain not-obxious attributes like soil acidity would be necessary. A much larger 
list could be continued from here. 

What supporting materials might be used? A great variety of periodicals 
on farming, gardening, and forestry could be used. The Yearbooks of the U. S. 
Department of Agriculture would be very helpful. Texts on biology and botany 
should be at hand. And special attention should be given by the teacher 
during the planning to two excellent publications: Handbook for Teaching 
of Conservation and. Resource-Use * prepared for the National Association of 
Biology Teachers, and Conservation Education tn American Schools, pre- 
pared for the American Association of School Administrators. Both of these 
books have many references and suggested activities. In addition, considerable 
useful material can be obtained from various industries concerned with farm- 
ing, baking, and nutrition. 

A unit on this topic could tie in, before or after, with a study of geology 
and the formation of soil, with a discussion of evolution; with wise land- 
usage and conservation; with meteorology; with nutrition; with practical 
gardening, and local town and school beautification; with the dependence of 
all animal life upon plant life. Any study in science has so many contacts 
with other general topics that coherence within a course is easily obtained, 
The teacher need only scout the possible leads in advance, and emphasize 
those leads when they appear during the unit to set up the extension of this 
study through the next unit. 

The previous knowledge and concepts of the students, their readiness, is 
now put to work. Recall is necessary, and personal review is probably desirable 
to clarify points that now take on new significance. The opportunities for work 
at different levels of ability are obvious. So 1s the involvement of many skills 
in gathering information and organizing it in compact form (charts, dioramas, 
models, garden plans, model farm plans, reports on local areas, etc.). Each such 
activity, in which the student feels a personal pride and responsibility, en- 
courages him to seek out ever more information, so that his final report will 
be as accurate and comprehensive as possible. 

Now the material above is not a unit. It is only the first exploration of 





¢Richard L, Weaver, Interstate Printers and Publishers, Danville, II, 1955. " 
SAmencan Assocation of School Adminsstrators, Twenty-Ninth Yearbook, Conservation 
Education in American Schools, NEA, 1951. 
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what might go into a unit and how it might be a useful teaching device, We 
hate not considered how the students might be interested in this topic, but 2 
variety of possibiliues based on the local environment come to mind. a 
One major point about such Planning must be emphasized. It does n 
determine or restrict the classroom procedures of the teacher, What we hase 
done is to make an mtellectual reconnaissance of the potentialities of a topic, 
to see what it might contain in terms of information, concepts, and sue 
involvement This would be done irrespective of the manner in which > 
material was considered ın class, A college professor lecturing to a thousan 
students at a time would have examined the possibilities in much this way. 
How he might present the evidence at firsthand, of course, would differ kon, 
the possibilities available to a teacher with a small class adjacent to a parl 
or a wooded area or even a wel! planted school yard. " 
At least two criteria will influence the decision as to whether or not this 
material is ever used in class, First, the local facilities, the “hardware 4 
instruction or, better, "the evidence,” may not be adequate for the propose 
study. Either more must be obtained or some other topic used instead. Se 
ond, the particular ideas to be developed and the examples of how the E 
works may require such a wealth of Preparatory detail that the time cou! 


be spent more profitably with other material. (An example of this occurred 


in one of the general education courses in science at Harvard, A total of six 
weeks had been allocated for the 


consideration of certain simple aspects of 
Newtonian physics and the predictive power provided by these generaliz- 
tions. Despite 18 lectures and six discussion sections, all with numerous dem- 
onstrations, the staff concluded that the students had been lost in a morass of 
technical details and never saw the importance of the generalizations reached. 
The next year a shift was made to selected material dealing with the nature of 
electrical charge; this appeared to be more readily grasped by the students) 
In the initial design of a course, many promising possibilities must be explored 
and matched against the time available and the abilities of the particular 
Students; more than half the possibilities explored will be laid aside as prob- 
ably impractical. 


An approach to a unit on sound and music 


In these days of high fidelity, 

generally poor acoustics in auditoriu 
might be quite useful in a science 
Where should we start? Wi 


ultrasonics, sonar, sound insulation, and 
ms, 2 unit on sound, music, and hearing 
Program, Let us explore the possibilit 
th the students’ interests, the teacher's objectives, 
observable behaviors? It does not really matter. Mulling over any general 
topic such as this will Suggest a variety of possibilities, each of which must be 
explored further in terms of the instructional “pay of” that might be obtained 

What makes a high fidelity ser "high"? Most pupils have such sets avail- 
able to them or read of in widespread Periodicals. One company adver- 
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tises "distortion free to 20,000 cycles"; what does this mean? Can these upper 
frequencies be heard? If so, does their absence make a significant difference in 
the quality of sound heard? What is a woofer? A tweeter? Why is a 3314 rpm 
record "long.playíng"? Can records be made which are still longer-playing? 
What is a bass-reflex speaker cabinet and why is it recommended? 

How can bacteria be killed by “just a sound wave"? Are there sounds we 
cannot hear? How do birds, insects, and mammals communicate? Do fish make 
noises? How does sonar work? If you were at sea 50 miles from a hydrogen 
bomb blast on a small island, what would you expect to observe? 

Why, sometimes, do we hear a throbbing from the engines of a multi- 
engined aircraft? How is a piano tuned? Why do school orchestras often sound 
so off tune? Why do a flute, violin, and clarinet, all sounding the same note, 
sound different? How is a violin tuned? How is a trumpet tuned? Can I make 
a musical instrument that really plays? 

Why can't we hear well under the balcony in our school auditorium? 
Why does music sound so different when the auditorium is empty during 
practice compared to when there are many people in the audience? 

How can geologists study the inner parts of the earth or determine the 
thickness of the ice cap in Antarctica? How can oil men tell where to drill? 

How can we get answers to all these questions? 

Possibly the teacher would begin with certain major concepts as his 
objectives. Alongside would then be listed some of the behaviors which would 
indicate the understanding sought (see Table 17-2). The list in Table 17.2 
can, of course, be extended with many additional specific objectives. As we 
are not attempting to create an exemplary unit, but only to indicate how units 
can be shaped, we shall end the list and restructure the items cíted. What is 
now needed is the working part of the unit, the listing of evidence that the 
students would need to convince themselves of the understandings listed. 
Also, we must indicate the materials necessary for providing this evidence, 
both “hardware” and reading materials. In this particular subject, most of the 
phenomena can be experienced at firsthand by the student so that reading is 
mostly supplementary, except for large scale applications (seismology) or special 
devices (sonar). We shall indicate some possible experiences, but each teacher 
will see others that could be added to the list. What will be done in a particu- 
far classroom will necessarily depend upon both the materials immediately 
available to the teacher, and his own preferences. 

As we illustrate an approach to the formation of a unit plan, one point 
is surely clear: cooperative planning among a group of teachers (not only from 
the subject area insalyed) will proside a richer set of ideas and experience than 
a single teacher would readily see. 

In the design presented in Table 17-3, we have included some pervasive 
objectives dealing either with how scientists operate or with the attitudes 
imposed upon the learner by the evidence at hand. The search for the limited 
understandings through the operations indicated would provide many oppor- 


THE UNIT IN THE COURSE 333 


TABLE 17-2 Beginning of a unit plan on sound and music 


nr 


Teacher objectives 


Pupit behaviors 





‘The understanding that 


! Sound travels onty through a material, 
or medium 


2 Sound travels at different speeds through 
diferent materials, 


3 Sound phenomena can be descnbed by 
a wave model compression and rarefaction 
an a gas 


4. Sound originates in a vibration, 
5. Air columns can also vibrate 


6 Rapid wibrauons are heard as high 
pitched sounds, slow vibrations as low 
pitched sounds 


7. The human ear as imsensitne to very 
Jow and very high frequencies 


8, Musical sounds have periodicity or 
structure, while noise lacks structure 


9. What is pleasing sound to one person 
may be unpleasant to another, musical 
tastes are highly rnfluenced by the culture. 


10 An object which will enit a given pitch 
‘will begin to sibrate (' s en exposed 


ng") when exposed 
to sound of the same pitch (resonance) 


HM, Most vibrators emit a compli 
plex pattern 
of frequencies consisting of a fundamental 
and a blend of overtones 


12 Sound waves are 
hard surfaces, 
objects 


readily reflected from 
but are absorbed by solt 
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1 Predicts no sound on the airless moon, 
predicts no sound jn 2 vacuum, 


2 Predicts faster sound speed through 
water than through ar; can interpret à 
seimogram; demonstrates how od pros 
pectors can locate salt domes, predicts "sound. 
mirages” on foggy days. 


3 Seeks a model to account for sound 
phenomena, can handle frequenciwiv 
length problems, demonstrates mature ol 
wave model, using “slinky” or other sping 





4. Upon hearing a sound, searches for wi 
brating source; creates vibrating soun 
sources drum, string, reed. 


5 Can tune an “organ pipe” or bottle b» 
changing length of air column; explains pitch 
changes of valved horn, slide whistle 


6 Predicts pitch from rate of vibration. 


is, 

7 Suspects that animals (birds, msec 
mammals) emit sounds we cannot hear, aoni 
down record or tape recording t hear "i 
audible” highest pitches 


8 Uses oscilloscope to observe penodi 
pattern in musical sounds. 


9 Is wing to hsten to "odd" mus 
compares structure of modern music (Horeg 
ger, Piston) to Bach, Brahms, compares Ve 
em music to Oriental mosie (Indian, Ch 
nese) 


10 Demonstrates this effect; searches for 
“bandwidth” of resonant elfect with vanne 
objects, inquires about the structure of U 
inner ear, compares sound to radio Tep 
tion, 


ll. Uses oscilloscope to observe WA 
forms; predicts from  mathemancat an 
ysis possible overtones; recognizes Overto™ 
Pattern as providing timbre of tone 


n 

12 Suggests draperies 10 lessen echoes 10 
auditonum, predhets less echo when seats 
occupied than when empty. 


tunities for the development of the pervasive objectives. Yet these are often 
difficult to anticipate in detail. The teacher necessarily must "play by ear" as 
the investigation develops. This is where his comprehension of the nature of 
scientific work appears. If he is hurried and anxious to “put aver” a large 
number of limited understandings closely tied to particular evidence, he can 
avoid the larger understandings. This unfortunately happens often. But the 
same topics and evidence, because they are part of science, contain examples 
of how scientists work. The pervasive objectives are right at hand in the 
material, 1f the teacher wants to see and develop them. 

The design in Table 17-3 is not complete—purposely so. It is not meant 
to be adopted by any teacher. It is presented simply as a beginning, an ap- 
proach, which may help teachers plan their own personal inventions in units. 


Resource units 


The type of unit we have been suggesting would probably be known as a 
resource unit. It 1s not intended for any one particular classroom. Rather it 
should contain so many possibilities that teachers in quite different localities, 
with quite different approaches, could select from it concepts and evidence 
appropriate to their intentions. 

Any resource unit of this sort 1s only a means of clarifying the possibilities. 
It is not a rigid plan that must be followed in the classroom. In fact, quite the 
contrary is intended. By analyzing in advance the concepts that might be de- 
sired, the involvement of the students, and the materials that would be needed, 
the teacher is freed to focus his attention on the processes by which the stu- 
dents learn. There is no need to start at the “beginning” of the unit. Any 
question will provide a starting point from which the students will gradually 
discover that they need most of the concepts in the unit plan. Directed ques- 
tioning, a novel demonstration, attention on explaining some overlooked 
phenomenon can extend the study until most of the understandings have been 
considered. The long-term plan is a basis from which the teacher can draw his 
daily lesson plans which take form as the investigation proceeds. We doubt 
that specific daily plans could or should be made far in advance, for this 
restricts the flexibility of the investigation. 


Units in their context (their curricular environment) 


Have you noticed that nowhere thus far hase we commented upon the 
grade or even the course in which either of our sample units might be placed? 
This was deliberate. 

Where do you belicve a unit on plants and their environmem would be 
most appropriate? If you have difficulties Pinpointing its position in the cur- 
riculum, jou begin to see that a subject area like this could rcadily be per- 
Sasive throughout the total curriculum. Certain introductory or simple aspects 
could be developed in the primary grades and extended in the intermediate 
grades. In the junior high years additional information and bigzer concepts 
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TABLE 17-2 Beginning of a unit plan on sound and music 


VETE i ge em e e m E re Ae i EE 


Teacher objectives 


Pupil behaviors 





‘The understanding that 


1 Sound travels only through a material, 
or medium 


2 Sound travels at different speeds through 
different materials 


$ Sound phenomena can be descnbed by 
a wave model compression and rarefaction 
ma gas 


4 Sound originates in a vibration 
5. Air columns can also vibrate 


6 Rapid vibrations are heard as high 
pitched sounds, slow vibrations as low 
pitched. sounds 


7. The human ear is insensine to very 
low and very high frequencies 


8 Musical sounds have periodioty or 
structure, while nore lacks structure. 


9. What is pleasing sound to one person 
may be unpleasant to another, musical 
tastes are highly influenced by the culture 


10 An object which will em 
will begin to vibrate (“si 
to sound of the same pt 


nit a given pitch 
ing”) when exposed 


itch (resonance) 


11 Most vibrators 
of frequencies consi 
and a blend of overt 


emit a complex pattern 


sting of a fundamental 
tones 


12. Sound waves 
hard surfaces, 
objects, 


are readily reflected from 
but are absorbed by soft 


I. Predicts no sound on the airless moon, 
predicts no sound im a vacuum 


2 Predicts faster sound speed through 
water than through ait, can interpret 2 
seismogram, demonstrates how od pmi 
pectors can locate salt domes, predicts "sou 
mirages” on fogg) days 


3. Seeks a model to account for sound 
phenomena, can handie frequenc wate 
length problems; demonstrates mature ef 
wave model, using “slinky” or other spring 


4 Upon hearing a sound, searches for +t 
brauing source: creates vibrating Soun 
sources drum, string, reed. 


5 Can tune an “organ pipe” or bottle by 
changing Jength of air column; explains pitd 
changes of valved horn, slide whistle 


6. Predicts pitch from rate of vibration. 


ts, 
7 Suspects that animals (birds. insect 
mammals) emit sounds we cannot hear, ien 
down record or tape recording to hear 
audible” highest pitches 


8 Uses oscilloscope to observe periodie 
pattern in musical sounds 


9 Is willing to listen to "odd" must 
compares structure of modern music (Hones 
ger, Piston) to Bach, Brahms. compares Wet 
etn music to Onental music (Indian, Chi 
nese) 


10 Demonstrates this effect; searches fot 
“bandwidth” of resonant effect with vaine 
objects, inquires about the structure of A 
inner ear, compares sound to radio T 
non, 


ll. Uses owilloscope to observe lud 
forms, predicts from mathemasüe S 
yas possble overtones; recogmues overt 
Pattern as providing umbre of tone 


m 

12. Suggests draperies to lessen ce 
auditorium; predicts less echo when se? 
occupied than. when empty. 


ee cso E ioi 
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Pupil objectives 


Evidence 


Equipment 


References 





1. What is a 
sound? 
What males a rattle? 


2 How does 
sound travel? 
Do fish hear our 
noises in a boat? 


5. Does sound 
travel at the same 
speed in all mate- 
rials? 

How can we find out 
about the internal 
structure of the 
earth? 

How can oil deposits 
be located? 

Why, on a foggy 
day, is it so difficult 
to tell the direction 
from which a sound 
comes? 

4, How can we 
make a picture of a 
sound? 

What is meant by 
frequency, by ware 
length? 





5. If something 
has to vibrate to 
Quse a sound, how 
do we get a sound by 
blowing over an 
empty botte? 


1. Assorted experi- 
ence with sounds. 
Much may be drawn 
from previous ex- 
perience. 


2 


2 Sound signals 
through pipes, 
yardsticks, water, 
steel rais. 


3 Same as above. 
Seismogram. 
Echo effects. 
Bending of sound 
direction by changes 
in atmospheric tem- 
perature and hu- 
midity. 
Films on oil- 


prospecting. 


4. Little or nonc. 
(This is an analysis 
based on evidence 
already acquired ) 


5. Sound from. 
“empty” boule, 
organ pipe. 

Tuning by adding 
water to shorten 
length of air column. 


1. Vibrating ruler, 
tuning forks, vocal 
cords, electric bell, 
pipes, yardstick, 
swimming pool (). 
streetcar tracks. 

2. Vacuum cham- 
ber, bell, good 
pump. 


$ Seismogram. 
Large wall for echo 
experiments, 


4. Long spring or 
a “slinky.” 


5. Empty bottles 
of various sizes, Ot- 
gan pipe @), tuning 
forks. 


L Few nceded, 
texts for further 
examples. 


2. Reading about 
moon and space- 
fights. 


3. Material on 
seismograms, exam. 
ples, and their inter 
pretation. 

Material on oil- 
prospecting (oil 
companies?), 


4. Text reading 
for reinforcement. 


eee 
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TABLE 17-3. Partial unit plan on sound and music * 


————————————— 
Jrecnrr's oejecmrs 
eee 


Process of scientific inquiry, 
pervasive objectives 


Product of scientific. inquiry, 
limited objectes 


Behavioral objec- 
tives, evaluation 





1 Assumption of a cause for 
an effect, 


2 Limitations of the phenom- 
enon, 


5. Further. limitation. of the 
phenomenon, 
Introduction of clasification ac. 
cording to velocity. 
Application to new topics. 
Generalization from initial esi- 
dence, 


A Search for a simple model 
of phenomenon 
Mathematical 
sible 


Isolation of important attributes 
Tor model, 


description pos- 


5 Introduction of nonperceiy. 
able components, often necessary 
(0 unite varied observations 


* Several im 
ence phenomena and 
Pression waves in 
or time differences, 


Portant aspects of sound 


the siructui 
and patch differences 


1 Sound originates from a 
Vibrating hody, 


2 Sound travels only through 
material: a medium, 


3. The speed of sound is 
greater in liquids and solids 
than In gates, tt differs with 
other properties of the medium, 


4 Sound phenomena can be 
described by à. wave-model, 
compresuon rarefaction, 


3 Air columns as well as 
solid objects can oscillate. 


henomena have been omitted. 
of beats, the Propagation of shea 


could 


1. Upon bearing 1 
sound, searches for 
vibrating source 
Creates vibrating 
sound sources dram, 
atrings, reed 

2. Predicts no 
sound in à vacuo. 
Predicts no sound on 
the airless moon, 

3. Predicts faster 
speed of sound in 
Me than Io air 
Can interpret a st 
mogram 
Denonstrates bow 
il prospevtors càn 
locate salt domes 
Predicts “sound 
mirages” on fosg 
dass 





4. Handles fre- 
quency-waselength 
problems, 
Demonstrates nature 
of ware model with 
alogue of long 
spring, “slinky.” 


8, Can tune & 
"pipe organ," or 
bottle by changing 
Jength of air 
column 
Fxplains pitch of 
slide whistle, valved 
horns, trombone. 








. for example, interfer- 
r waves as well as com 


cag Abe ear The discrimination of intensines 


ako be developed 
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Pupil objectives 


6 How can we tell 
what puch we will 
get from a vibrator? 
How can we change 
the pitch? 


7. What is high 
fidelity? 
Are there sounds we 
cannot hear? 
How do animals 
communicate? 


8 What is the dif- 
ference between a 
noise and music? 
Why do we like cer- 
tain sounds and not 
others? 


9. Wh; does some 
music sound so odd? 
Why is Oriental mu- 
sic so different 


Evidence 


6 Musical instru- 
ments, strings 
drums, horns, reeds, 
to be tuned. 
Examination of vi- 
bration pattern of 
single string saned 
in length and ten- 
sion (weights) 


7 Play vanable 
frequency record 
20,000 cycles down 
to, perhaps, 10 
edes 

Search for most 
sensitive range of 
frequency on ear 
Examine sound 
making and sound- 
receiving parts of 
other animals. 
Listen to bird call, 
fish noise, farm am- 
mal records. 


8. Observe musi- 
cal tones on oscillo- 
graph, compare to 
noise. 


9 Search for pat 
tern in chords and 
phrases of modern 
music. 

Compare to Bach, 
Brahms. 

Examine tones used 
(scale) of Oriental 
music. 


Equipment 


5. Musical instru- 
ments of all types 
Single string with 
variable tension and 
length (sonometer). 
String from hammer 
of electric bell. 


7. Variable fre- 
quency record. 
Good quality phono- 
graph. 

Records of insect, 
bird, fish, farm anı- 
mal calls. 

Whistles or other 
sound sources of 
variable pitch. 

Dog whistle 


8. Osalloscope. 
Musical tone sources. 


9 Records and 
sheet music of mod- 
ern composers and 
of Dach, Brahms. 
Record plaver. 
Records of Oriental 
music. 

Sheet music of 
Oriental music. 


References 


6. Material on 
musical instruments, 
past and present. 


7. Reading on 
high fidelity. 
Curves of human 
hearing limits. 
Material on animal 
communication, es- 
pecially von Frisch 
on bees 


9. History of 
music. 

Assumptions of mod- 
em composers. 
Planned disonance. 
Basis of diatonic 
sale. 

Possibilities of other 
sala. 


aaaea 
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TABLE 17-3 Partial unit plan on sound and music (cont.) 


TS 
Tracers onsrciives 


a 


Process of scientific inquiry, 
pervasive obiecis es 


Product of sctenisfie inquiry, 
bmuted object es 


Beha toral objec 
tices, evaluation 





G Clanficatton and restriction 
of intertelations between vari 
abies conudered important, 


1. Recognized umts of bu 
man senwiry mechinsme 
Instruments are needed to ex 
plore where the human boy w 
insensitive, 


S. Aesthetic choice usually i 
volves some pattern or structu; 





9 What is 
Tyimg to one p. 
30 0 another. 


Cultures differ an many respects, 


Pleaung or satis 
enson may not he 


6 Pitch (vibrations per sec- 
ond) sanies with manv ateri- 
butes of vibrator: sue; length, 
sue, and tension for strings. 


7. ‘The human ear is sensitive 


only to a limited range of fre- 
quencies, 


& Musical sounds have peri- 
he structure while noise lacks 
such structure, 





6 Predicts puch 
from rate of vibras 
tion, 

Reales posibiliue 
of “inaudible 
sounds" utra 
sonics 
Expects large ob- 
jects to emt tow 
sounds, small objets 
to emit onty high 
itches. 
fredicts proper ad 
justment in tuning 
siranged instrument. 


7. Suspects that 
other eure emit 
sounds we cannot 
hear birds, anecs 
whales, bats 
Suspects that other 
creatures are inens! 
tive to part of hu 
man sound range 


R Uses osillo- 
mope to examine | 
periodie pattern of 
musical sounds an 
of nore, 


9, Compares stue 
ture of modern mo 
sic. (Monegger. 

A ven Bach amd 
Brahms, 

Compares Western 
and Oriental mune 


uu RR 
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Pupil objectives 


6 How can we tell 
what pitch we will 
get from a vibrator? 
How can we change 
the pitch? 


7. What is high 
fidelity? 
Are there sounds we 
cannot hear? 
How do animals 
communicate? 


8. What is the dif- 
ference between a 
noise and music? 
Why do we like cer- 
tain sounds and not 
other? 


9 Why does some 
music sound so odd? 
Why is Oriental mu- 
sic so differen? 


Evidence 


6. Musical. instru- 
ments, strings. 
drums, horns, reeds, 
to be tuned. 
Examination of vi- 
bration pattern of 
single string varied 
an length and ten 
son (weights) 


7 Play sanable- 
frequency record 
20,000 cycles down 
To, perhaps, 10 
edes. 

Search for most 
sensitive range of 
frequency on ear. 
Examine sound- 
malang and sound- 
receiving parts of 
other ammals. 
Listen to bird call, 
fish noise, farm ani- 
mal records. 


8 Obsene musi- 
«al tones on osallo 
graph, compare to 
noise. 


9, Search for pat- 
tern in chords and 
phrases of modern 
music. 

Compare to Bach, 
Brahms. 

Examine tones used 
(scale) o Oriental 
music, 


Equipment 


6. Musical instru- 
ments of all types. 
Single string with 
variable tension and 
length (sonometer). 
String from hammer 
of electric bell. 





7. Variable fre- 
quencv record. 
Good quatit} phono- 
graph. 

Records of insect, 
bird, fish, farm ani- 
mal calls. 

Whistles or other 
sound sources of 
sanable pitch. 

Dog whistle. 


8. Osalloscope. 
Miracal t0ne sources, 


9. Records and 
sheet music of mod- 
ern composers and 
of Bach, Brahms. 
Record plaser. 
Records of Oriental 
music. 

Sheet music of 
Onental music. 


References 


6. Material on 
musical instruments, 
past and present, 


7. Reading on 
high fidelity, 
Cures of human 
hearing limits, 
Material on animal 
communication, es- 
pecially von Frisch 
on bees, 


9. History of 
music, 

Assumptions of mod- 
ern compocers, 
Planned dissonance. 
Basis of diatonic 
sale. 

Possibilities of other 
sales. 


——————————— 
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TABIE 17-3. Partial unit plan on sound and music {cont.) 


iie ie E E D e e d 


Teacites’s onyecinss 


eee 


Process of scientie inquiry, 
pervaswe objectives 


Product of sctentifie inquiry, 
limited objectives 


Behavroral objec 
tives, exaluation. 





10. Concept. of interaction, 
nicety of “it” required, 
Beginning of “loch and key” 
concept 


I. Many phenomena are 
more complex than they seemed 
at first 

Mathematical patterns aid in 
making predictions 
Instruments aid in mating vis. 
ible what was othernise 
masked 





12 The solution of practical 
problems often demands à con. 
siderable theoretical explana- 
bon created through basie sa 
entific investigation, 


10 An object which will emit 
a particular tone will vibrate 
when exposed to that tone (fre 
quency). Resonance (very im- 
Portant in terms of radio and 
spectral studies) 


11, Most vibrators emit a 
complex pattern of frequencies 
consisting of a fundamental and 
Many overiones which have a 
Particular relation to the funda- 
mental frequency, 


12. Sound waves are readily 
reflected from hard surfaces, but 
Ate abvorbed by soft surfaces, 


10 Demonstrates 
resonance. 
Fxplains "sngng" 
of objects, rattling 
of auto windows al 
certain speeds, etc. 
Explores bandwidth 
of resonance effect. 
Inquires about strüc 
ture of inner eat. 


11. Uses oxallo 
scope to examine 
wave forms 
Predicts from mathe- 
matical relationship! 
what overtones are 
pattern as providing 
“quahty” or timbre 
of tone, 


12 Suggests 
draperies to tessen 
echoes in gudi- 
torium, Recogmzes 
importance of allow- 
ing for echo time in 
design of large 
rooms. 

Apphes law of re- 
fection in predicting 
echo strength and 
delay time. 

Designs house for- 
mishings to lesen 
echoes. 


meee a Um c 


sw 
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Pupil objectives 


Evidence 


Equipment 


References 





10 What makes 
things “sing” or rat 


What is a sounding 
board or box for? 
Why should a 
speaker be in a big 
box? 


1l. How can we 
tell the difference 
between two instru. 
ments sounding the 
tame note? 

Does a vibrator have 
only one period? 
Why docs an auto 
shake at certain 


speeds only? 


12. Why does the 
school auditorium 
sound so empty? 
Why can we not hear 
well under the bal- 
tony? 

Why are some halts 
better for music or 
speaking than are 
others? 

How can we sound. 
proof a house? 


10 Resonant tun- 
ing forks and reso- 
nant boves. 

Fork m air and on 
hard. table 

String im air and 
then over resonant 
box 

Radio speaker in air 
and attached to a 
sounding board. 
Tinny sound of 
small speaker with 
small resonating 
box. 

Musical glasses. 


1r Wuh taut 
string, mvestigate 
vanety of vibrations 
present. 
Note relations be 
tween overtones and 
fundamental. 
Define. "octave." 
Define the diatonic 
scale. 


12 Exploration 
of the echo time 
and intensity in the 
schoot auditorium 
or gym. 
Examination of 
various soundproof- 
ing materials. 

Talk by an acousti- 
cal engincer or an 
architect. 
Experiments with 
draperies as sound 
traps. 

Calculations of the 
sound path in a 
large room 

Purpose of sound 
traps in newer 
auditoriums, 


10. Resonant tun- 
ing forks and reso- 
nant boves. 

Some way to "load" 
one fork to change 
its pitch. slightly. 
String and resonant 
box. 

Radio speaker free 
of resonating box. 
Model of the ear. 
Musical glasses, 


11. Taut strings 
for small groups of 
students. 
Osciltoscope for ex- 
amining wave pat- 
terns 
Sympathetic vibra- 
tors using overtones, 


12. Drum for 
sharp sound, cym- 
bals 
Soundproofing ma- 
teats. 

Films on sound- 
proofing 


10. Material on 
natural period of 
vibration of build- 
ings, ships, bridges. 
Material on the 
structure and care 
of the ear. 


1L. Explore the 
overtone patterns of 
Various instruments, 


12. Reading on 
careers in acoustics 
and architecture. 
Magazine artictes or 
soundproofing a 
home. 


Se es 
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could be developed In high school biology or chemistry a further extension 
could be made, and again in college and even graduate courses. 


And what about the unit on sound and music? Is it suited for just one 
spot in the curriculum? 


Units and grade fevel: vertical mobility 


The moral is clear: An important subject is never exhausted no mater 
how many times it may be reconsidered. What does change is the comple 
of the concepts and the wealth of information on which they jer A Mn 
grade unit on conservation or ecology hardly exhausts the subject; it is barely 
a beginning, but satisfies the students at their level of knowledge They ont 
Grow this, and so further exploration is desirable. Even a high school unit 
only extends the students’ concepts, but never “completes” a topic. amp 
addıtional possibilities for further study should be brought up, unanswe 
questions left dangling so that the student knows what he knows, and knows 
that there is yet more to be known, In this manner we avoid the banal state 
ment, “Oh, we had that three years ago.” The teaching and the planning 
before the teaching should point to this "open endedness" in scientific work. 

And, of course, the readiness of a particular class must be considered. 
Several components of units lile the one on sound and music are explored 
in the upper elementary schools; but the topic is hardly exhausted by m 
initial investigation; it is barely opened up. Teachers we know find thi 
before the end of the ninth grade, most of the concepts indicated can be opened 
up with average children, Perhaps the physiological reception of sound could 
be extended more than we indicated, but some teachers would prefer to delet. 
that as a component of biology. The more mathematical aspects of was 
"right be related to radio and light waves, and thus deferred tna physics course: 


Units and course boundaries: horizontal mobility 


Since there is only one world of Teality, any topic within science will 
"anurly extend into many other subjects within che schoo! curriculum 
‘Teachers concerned with the total learning of their students will search for 
Opportunities to interrelate science topics with the other subjects. How far 
they go depends upon their personal appraisal of their responsibilities 2$ 
teachers. Some will talk with their fellow teachers about how their two courses 


ic, surely close ties with the m at 
. ‘ngtish teacher, interested in clarity « 
speech and diction, mi, i ing suggestions to make. The social 
studies teacher, concerned about the impact of verbal communication upon 
People, might also have suggestions. (For example, in ancient Greece and on 
blica tory through the Gettysburg Addres, belona the development of 
Public address systems, only the audience within earshot of the speaker coul 
te 
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hear him. But public address systems and now radio and television have 
enormously increased the audience available to a speaker or performer.) The 
mathematics teacher might welcome some opportunities to encourage practice 
on simple time-distance problems, ratios or proportions, graphs, and scales. 

One logical end of such correlation, obviously, is a core approach (see 
p. 378). Unfortunately, there are very few examples of core units which include 
science. Generally, the core program in the junior high grades combines English 
and social studies, but omits mathematics and science. These are "special sub- 
jects” taught with their own internal structure. Whether embracing core units 
will become popular within the secondary school, we do not know. As we 
indicated earher, unusually well-informed and able teachers are needed if a 
core including all subjects is to be even contemplated. 

But there are many stages of correlation short of the core. And a certain 
amount of correlation is bound to take place in the students’ minds; it will 
probably be more successful if the teacher guides the process. After all, our 
concern as teachers is to help boys and girls become integrated persons, with 
themselves, with others, with the world around them. 


A bibliographical excursion 
into developing one’s own units 


Alberty, H. B , et al., “How to Make a Resource Unit," Educational Research Bulletin, 
Columbus: Ohio State University, 1945 

Biddick, Mildred L., The Preparation and Use of Source Units, N. Y.: Progressive 
Education Association, undated, about 1910. 

Burton, W. H., The Guidance of Learning Actretties, Ist ed., N. Y. Appleton Century- 
Crofts, 1944, Chapters 9 and 10, pp. 244 309. 2nd ed., 1952, Chapters 12 and 13, 
pp. 388-158. 

Morrison, H. C., The Practice of Teaching in the Secondary School, yev, ed., Chicago: 
University of Chicago Press, 193) 

New York City Curriculum Research Report, The Unit in Curriculum Development 
and Instruction, 1956. [Probably many other cities and state Offices of Education 
have similar publications.] : 

Quillen, I. J„ Using a Resource Unit, Bulleun in the Problems in American Life 
series, published by National Assocation of Secondary Schoo! Principals, and the 
National Council for the Social Studres, National Education Association, Wash- 
ington, D. C., 1912. 

Rivlin, H. N., Teaching Adolescents in. Secondary School, N. 
Crofts, 1918. 

Saylor, J. G, and W. M. Alexander, Curriculum Planning, N. Y. 
pp. 389531. 

Shorling, R, Student Teaching, N. Y: McGraw Hill, 1919 

Smith, B, Othanel, W. O. Stanley. and J. H. Shores, Fundamentals of Curriculum De- 
velopment, N. World Book, 1950. 

Wisconsin Cooperative Fducational Planning Program, Resource Untts an the Cur. 
neulum Program, Bulletin No. 5, Madison, Wise. 3915. 

Wright, Grace S, Core Curriculum Development: Problems and Practices, U.S. Osce 
of Fducation Bulletin No. 5. Washington, D. ©: U. S Government Printing 
Office, 1952. 
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i: Isto. 
could be developed. In high school biology or chemistry a. further extens 
could be made, and agam in college and even graduate courses. 


i it sui for just one 
And what about the unit on sound and musie? Is it suited k i 
spot 1n the curriculum? 


Units ond grade level; vertical mobility 


T 
The moral is clear: An important subject is never sau a Sly 
how many times it may be reconsidered. What does change is the 3 Np 
of the concepts and the wealth of information on which they uM barely 
grade unit on conservation or ecology hardly exhausts the subject; "They aik 
a beginning, but satisfies the students at their Jevel of inge n ii 
grow this, and so further exploration is desirable. Even a hig um ‘Always 
only extends the students concepts, but never "completes" a P sare al 
additional possibilities for further study should be brought up, u pi 
questions left dangling so that the student knows what he hawt ais 
that there is yet more to be known, In this manner we avoid the ba "tad 
ment, "Oh, we had that three years ago.” The teaching and ie T: s 
before the teaching should point to this "open-endedness" in scientific vaered 
And, of course, the readiness of a particular class must be consi tored 
Several components of units like the one on sound and music ee ia 
in the upper elementary schools; but the topic is hardly exhauuen i dt 
initial investigation; it is barely opened up. Teachers we know fin enel 
before the end of the ninth grade, most of the concepts indicated can Se PS 
up with average children, Perhaps the Physiological reception of soun dele 
be extended more than we indicated, but some teachers would prefer to sd 
Sy. The more mathematical aspects of se 

might be related to radio and light waves, and thus deferred to a physics co! 


Units and course boundaries; horizontal mobility 


^ $ P i Hh i will 
Since there is only one world of reality, any topic within science 


. È iculum. 
many other subjects within the school curricu! 


: i her. 
experiences in one field can be used in ati 
nd and music, surely close ties with the m of 
teacher, interested in clarity 


In our example on sou 
teachers would be desirabi 
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selves with these phases; we do this by citing examples of policy and process 
in curriculum revision. 


Research as a frame of reference 


In Chapter 21, Appraising the Teacher's Role: Supply and Demand in 
Science, we indicate that science teaching as a whole has been "successful"; 
that is, if we view the entire enterprise. In the same chapter, however, we 
indicate that although valid and reliable data in science education are lim- 
ited, still, such data as are available support the working hypothesis that 
Burnett states.! 


Studies related to college preparation seem to support the hypothesis that in- 
creased power of analysis, ability in critical reading and thinking, and inde- 
pendent and reflective thinking are more important than the acquisition of facts 
for success in college. Studies of the retention of science learnings, generally 
limited to the retention of specific facts and skills typically tested for on standard 
examinations, appear to indicate that students, in the physical sciences at least, 
do not retain their subject-matter knowledge well. This low retention on stand- 
ard examinations may reflect an even lower retention of knowledge that will 
function in nonacademic situations. Various studies have shown that conven- 
tonal science teaching has had httle effect in reduang superstitious beliefs 
and uncritical attitudes or in developing consciously reflective abilities to analyze 
natural phenomena or to test hypotheses. 

Emotional and other personality factors are important to success in science 
careers as well as to daily living. Yet, many conventional practices have negative 
effects on these factors. 


"There seems, however, to be common agreement among those who have 
been thinking about teaching that the tactics and strategy which encourage, 
support, and emphasize the development of social as well as emotional ma- 
turity are more likely to result in success in college, than is the "covering of 
materials” approach. This too is supported by such meager studies as exist. 
But it is very clear that research studies on the effect of course structure and 
content are few; the field is wide open for research. 


Long-term policy as a frame of reference 


Any long-term plan must be based on general attributes which will per- 
vade the entire program. Two of these, both important and by no means 
mutually exclusive, have been discussed extensively in the early parts of this 
book: first, the pattern of behavioral objectives, wich centers the instruction 
upon the learner whose active participation is critical; and second, the general 
attributes of scientific work, which give meaning to the processes and materials 
of science. What a teacher accepts as his objectives, and what he interprets as 
the way of the scientist and the function of science in the lives of students, 





XR, Wit Burnett, Teaching Science tn the Secondary School, Rinehart, N. Y., 1957, p. 99. 
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CHAPTER 18 


Inventions in science courses: 
Building the science course 
and curriculum, continued 


; l| 
A mote at the beginning: We began this chapter eight chapters ago, actually 


Chapters 10 and 18 must be considered one chapter fer 
how can a teacher develop his own course or euri i 
or meditate wisely on what he is teaching, unless hel i 
studied what is going on in currículum work in science? " 

Having begun with trends in the curriculum (caper 
10), we now return and develop it further, to the PS 
where the teacher may, if he wishes, develop his own s 
ricular inventions, A warning: building a new fresh courst 
takes time: time to read, time to reflect, time to visit other 


` ii n- 
school systems, tıme to test the course in class, time to co! 
sult one's colleagues, 





Approach to curriculum re 





ion 


The curriculum may be defined as all the leaning experiences provided 
under the school’s guidance 


1uitles of 
courses, club work, and extra class activities of 
all types, 


5 id 
We may ask, then, whether the curriculum in science is so planned ant 
integrated that it teaches what we wan, 


‘ n- 
t it to teach. Too often the honest à 


Certain guide lines which we have found useful are those which emanate 
from research, fi 


tom policy-making statements 
Process of €urriculi 
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selves with these phases: we do this by citing examples of policy and process 
in curriculum revision. 


Research as a frame of reference 


In Chapter 21, Appraising the Teacher's Role: Supply and Demand in 
Science, we indicate that science teaching as a whole has been "successful"; 
that is, if we view the entire enterprise. In the same chapter, however, we 
indicate that although valid and reliable data in science education are lim- 
ited, still, such data as are available support the working hypothesis that 
Burnett states.* 


Studies related to college preparation scem to support the hypothesis that in- 
creased power of analysis, abihty in critical reading and thinking, and inde- 
pendent and reflecuve thinking are more important than the acquisition of facts 
for success in college. Studies of the retention of science learnings, generally 
limited to the retention of specific facts and skills typically tested for on standard 
examinations, appear to indicate that students, in the physical sciences at least, 
do not retain their subject-matter knowledge well. This low retention on stand- 
ard examinations may reflect an even lower retention of knowledge that will 
function in nonacademıc situations Various studies have shown that conven- 
tional science teaching has had little effect in reducing superstitious beliefs 
and uncnitical attitudes or in developing consciously reflective abilities to analyze 
natural phenomena or to test hypotheses. 

Emotional and other personality factors are important to success in science 
careers as well as to daily living. Yet, many conventional practices have negative 
effects on these factors. 





There seems, however, to be common agreement among those who have 
been thinking about teaching that the tactics and strategy which encourage, 
support, and emphasize the development of social as well as emotional ma- 
turity are more likely to result in success in college, than is the "covering of 
materials" approach. This too is supported by such meager studies as exist. 
But it is very clear that research studies on the effect of course structure and 
content are few; the field is wide open for research. 


Long-term policy as a frame of reference 


Any long-term plan must be based on general attributes which will per- 
vade the entire program. Two of these, both important and by no means 
mutually exclusive, have been discussed extensively in the early parts of this 
book: first, the pattern of behavioral objectives, which centers the instruction 
upon the learner whose active participation is critical; and second, the general 
attributes of scientific work, which give meaning to the processes and materials 
of science. What a teacher accepts as his objectives, and what he interprets as 
the way of the scientist and the function of science in the lives of students, 
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determine his long-term and shortterm policy; and policy affects course 
stuucture. 


One example of long-term planning which takes account of both sets of 
crneria was issued in 1956 by the Maryland State Department of Education. 


To the reader: We consider this an excellent statement of policy. If we had 
not "discovered" it, we should have had to elaborate one very much like it. 


Notice the form of these statements, it is close to the pattern of OBJECTIVE: 
behavior which we considered in Chapter 6. 


Only the portion dealing with science in the secondary school is included 


here, the report includes, however, much on both elementary and secondary 
education? 


1. A good high school science program ts organized and carried out to provide for: 

a. A growing knowledge of scientific principles. The number and complexity 
of principles involved in the problems will increase at higher grade levels. 

Exaweres: In the junior higk school concepts and principles concerning 
electrical circuits are sople and few in number. More complex principles art 
introduced in later courses concerning circuits through electrolytes, vacuum 
tubes, selenium rectifiers, transistors, and other media 

b. Facility in. making applications to life situations. 

FExAwPLES Pupils interpret weather forecasts in order to make necessary 
adjustments in their activiues and plans. Pupils experiment to compate the 
quality and cost of canned with fresh orange juice. 


© The development of scientific attitudes and skill in the scientific meth 
od{s}, 


Examrtts Pupils show curiosity about the earth satellite and new concepts 
of space. Pupils suspend judgment until convinced by evidence about battery 
additives and other consumer products 


Pupils seek cause and effect relationships for everyday phenomena such 35 
condensation on basement walls. 


2. A good high school science program seeks to provide for the immediate prob- 
lems of youth. 
a, Some problems are personal, 


Exaurtes: Pupils understand themselves 


and the changes of adolescence. 
b. Some problems are emotional. 
_ Exampres: Pupils interpret natural phenomena such as storms, comets, and 
eclipses, rather than fear them 


© Some problems are physical. 

Exaxrtrs: Pupils know and apply scientific facts about health problems 
related to the usc of alcohol, narcotics, and. tobacco, and to heart disease, cancer 
tuberculosis, and other diseases, 


3. A good high school science. program is eople. 
Exiurtrs. Pupils demonstrate endera a a as di ER 


y m planning and performing tasks 
m as Waterproofing a basement or laying a. tile. floor. Pupils purchase 
apply ca for quality and content. Pupils develop habi ef safety which 
apply to the use of automobites and home appliances. Pupils pracuce wise ust of 
fuels, water, and other natural resources, p 
* From "Pt; fc T z 
emen. BS, Examples abd, tar agnor” Marland State Depanent of Edd 
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4. 4 good high school science program provides opportunities to work with 
everyday materials in the environment, 

Exawptes: Pupils collect and maintain living plants and animals in the class 
room. Pupils construct science equipment such as motors and animal cages. Pupils 
study and experiment with automobiles. 


5 4 good high school science program implements other curricular areas and is 
implemented bv them. 

Exawpies: Science far project writeups are examined in the English class 
for clarity, sentence structure, and paragraph unity. Analysis in science classes 
‘of emplovment data received. (rom the guidance department stresses the oppor- 
tunity for emplovment in the field of science. Science teachers teach the exact- 
ness of expression. 


6 A good high school science program includes provisions for growth in the use 
of study and work skills involved in: 

Locating scientific data, handling and using science materials effectively, 
observing and measuring objectively, recording data accurately and in usable 
form. generalizing from a body of information, selecting the pertinent elements 
of a problem, using scientific vocabulary accurately, checking footnotes, using 
Readers Guide to Periodical Literature and other library resources. 


7 A good high school science program encourages “creative thinking.” 
Exawetes A boy with an attic bedroom designs and later builds a plane- 
tarrum which conforms to the geomeuici! plan of the room 


8 4 good high school scence program encourages the exploration of a wide 
range of sctence-related hobbies Suitable faciliues are provided. 

ExaMptes, An equipped darkroom, an adequate supply of basic equipment 
and matenals, a reasonable supply of specialized and technical equipment. 
labeled and scientifically classified collections, facilities for club and special 
activiues such as photography, radio, astronomy, tropical fish, horticulture, 
taxidermy, and mineralogy. 


9. A good high school sctence program us characterized by experimental activities 
cooperatively planned by the teacher and the pupils as an outgrowth of their 
closswotk. 

Exawpces: Pupils grow seeds in different light conditions. Pupils carry out 
dietary experiments with white mice Pupils determine the effects of filters in 
photography Pupils develop a conservation-demonstration area. 





10. A good high school science program is facilitated by vaned records kept up- 
to-date by teachers and puptls. 

Exaupres: Hobby progress reports, records of materials constructed by pupils, 
Teports of original and voluntary experiments, reports of supplementary re- 
search, reports of areas of special interest, indications of the pupil's potentiality 
as a resource. person. 


11. A good high school scence program is flexible. 

ExAwPLES: Emphasis on atomic energy is increasing while emphasis on coal 
is decreasing. Emphasis in rural areas is placed on relative locations of wells and 
septic tanks, while emphasis in urban areas is placed on obtaining adequate 
water supply for the city and on filtration systems. 


12. A good high school science program allows pupils to extend themselves along 
their lines of interest; they explore and discover for themselves in situations less 
formalized than those which can be provided in the classroom. 
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ExaMPLES Time 1s provided for individual conferences about hobbies and 
projects. Pupils participate sn science clubs under the sponsorship of science 
teachers. 


18 A good high school scence program ıs made operatwe under the guidance 
of teachers who help the pupils to organize their problems and channel their 
energies toward solutions 

ExAwPtrs Pupils depend upon teachers for guidance, not for answers; they 
get help in locatg resource people and information. In the science laboratory 
primary emphasis 1$ given to the solution of real problems, rather than to the 
verification. of known principles. 


14 A good high school program makes use of a variety of Auman and enuiron- 
mental resources. 

Exaupres. Use 1s made of people (beekeepers, doctors). Use is made of en- 
vironmental resources (steel mills, nate fish, plants and insects collected by 
pupils. Use is made of school facilities (greenhouse, radio programs and TV 
programs, hobby shows). 


15 A good high school science program uses science. resources available in the 
central school Library 
Periodicals, science reference books, science fiction, audio-visual aids. 


16. 4 good high school scrence program brings pupils to appreciate and assume 
social and moral responsibility volved in scientific progress. 

Exavrtes Pupils identify and cooperate in the solution. Pupils are encour- 
aged to discuss the implications of nuclear developments 


17. A good high school science program recognizes an orderliness of the universe. 

Exampces Pupils study the carbon dioxide-oxygen production cycle to see 
the relationship between animate and inanimate objects. Pupils discover that 
the structure, weight, and activity of a gwen element were predictable before 
the element was discovered. Pupils amestigate the primaty source of protein 
to give them insight into the dependence of animals on plants, 


18. A good high school science program. provides facilities and a wide variety of 
appropriate materials of instruction in. the. classroom. 

Exaweces' Each teacher should have a self-contained laboratory-classroom 
designed to provide for a wide variety of science activities. Each science laboratory- 
classroom should be equipped with a basic supply of texts and references, free 
and inexpensive materials, experimental equipment and supplies, audio-visual 


aids, tools, and safety equipment. 

This statement of long-term policy and curricular design permits the widest 
invention in courses and curriculums. It permits the widest emphasis upon 
intellectual skills and attitudes. It 1s an excellent framework upon which the 
science curriculum can be based. The over all objectives are pervasive through- 
out the entire program, irrespective of the particular materials being con- 
sidered, The choice of subject area or problem can come from the pupils, and 
the wise teacher will evoke the searching, appraising, judging, and experi- 
menting which are the major characteristics of science and scholarship in 
action. 

The need for a recognition of bases other than subject matter solely has 
been examined in many thoughtful publications prepared by eminent groups. 
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TABLE 18-1 Comparison of emphasis in two curricular plans 





Educational Pohoes Commsnon Harvard 
Common learnings 43 Special education 34 
Vocational preparation 14 Enghsh 3 
Elecuves 1g Foreign language 1% 

Health aud Science and 
physical education % mathematics $4 


Social studies 34 





3, Education for AH! American Youth. The proposals embodied in this 
report of the Educational Policies Commission. were a. basic departure from 
what we know as the college-preparatory curriculum, 

First, there was suggested a more flexible school day. Large blocks of time, 
two or three periods or more ın length, were introduced to permit the intro- 
duction of a course in “common learnings.” This course dealt with basic 
social processes, communication, distribution of goods and services, famıly liv- 
tng, ete In it, attention was centered upon the problems and concerns of people 
in a modern society. 

Second, "special education" in the context of this report was taken to 
mean “vocationa\ education.” In the Harvard Report “special education” 
referred to the special interests of youngsters as designated in fields of study, 
ve, science, mathematics, art, music, foreign languages, and so forth. 

Finally, in the Educational Policies Commission report, separate courses 
in English, social studies, scence, mathematics, and foreign languages are not 
required per se. They are either elective or vocational. The Harvard Plan would 
require some of these courses 


"The differences in curricular emphasis in the two plans are noted in 
Table 18-1, 








the process of curriculum revision 


As the previous chapters hase indicated, the pattern of science courses 
and their internal design have esalved slowly over the past halt century, Only 
two major changes hase occurred in secondary schoo} science; the creation of 
the unified biology course and the introduction of general science. This slow 
pace is hhely to be accelerated sharply. Too many people are deeply concerned 
about science 1n the culture and in the secondary schools to allow the unchal- 
Jenged continuation o£ the status quo. The activities of the Physical Science 
Study Committee are a clear example of other activities to be expected. 
Teachers will be obliged to tale a hard look at what they are doing and why. 
Innovation will be valued. Clearer concepts of the Piace of science in the school 








Educational Policies Commussion, National Fducstion Asn, Washington, D C, 1944. 
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program, as expressed through classroom operations for diversified audiences 
of pupils, will be stimulated. 

Indisidualization of instruction far beyond what has been offered within 
the Procrustean single-track curriculum of the past will be necessary. Greater 
diversity of courses for different groups of children wilt be essential. More con- 
cern for the slow and for the able will be mandatory. Large changes in science 
courses and the patterns of such courses, the curriculum, are coming soon. 

Such changes will come, if for no other reason, because of the “pressures 
from below." The rapid development of elementary school science and the 
extension of general science through grades 7 and 8 are already being felt in 
many secondary schools. The children already know much of what was formerly 
considered “secondary schoo! science.” This may welt be a boon to teachers who 
do not have enough time to "cover" the increasing content of science. Instead 
of repeating topics the students have already had, for the same purposes, 
teachers will need to plan their instruction so that the pupils reveal and ex- 
pand their previous learning. 

In short, the science curriculum will have to change to accommodate 
these Knowledgeable students, and the extent of their knowledge will need to 
be determined. 


Approach to planning 

Perhaps our approach to planning needs to be stated explicitly here: 
planning with students does not preclude the teacher's private planning of a 
course or of the sequential blocks of study within the course. A moment's re- 
flection will bring to mind the consistent and predictable problems which young 
people face. Year after year they ask much the same questions. This, then, 
permits the teacher to anticipate the general areas of discussion, the necessary 
equipment and supplies, reading resources, films, and other instructional ma- 
terials likely to be useful. Without this Lind of anticipation both pupils and 
teacher will be in a continuous race to locate essential materials. 

Planning of this general sort, in broad units, is necessary. Few of us have 
at hand the rich materials and personal Knowledge desirable for effective in- 
struction on any topic that may arise. But general planning is not rigid; flexi- 
bility for student involvement is always possible. 

For example, the occurrence of some major new discovery can be foreseen 
as à new center of class attention. Materials can be collected, bulletin board 
displays encouraged, and the attention of the group channeled to this new 
topic. Furthermore, investigation of any new topic will necessarily demand a 
careful examination of what was previously known, and why this is an impor- 
tant addition to, or change in, the previous scientific knowledge. 

As we have implied, teaching in this rich and rewarding manner requires 
the availability of many resources: films, journals, numerous reference books 
of varied difficulty, resource persons who can help with information and advice, 
a well-stocked equipment and supply room. But, then, these are necessary for 
effective teaching even in a completely teacher-dominated approach. 
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Curriculum revision as a continuous process 


Certainly no wise teacher will attempt an abrupt change in his course, in 
his methods, or in the general curriculum. And, of course, currículum changes 
are not always to be had for the asking. Many people are involved in any pro- 
gram of curriculum revision, but the teacher plays a major role. 

It should be mentioned here that very few curriculums, published by states, 
counties, or cities, are prescriptive. All the curriculums we have discussed in 
this section state or, at least, imply that they are meant to be used as suggestions, 
not fiats. Of course, as we have mentioned before, a teacher cannot depart radi- 
cally from such a program without consulting his principal or supervisor. But 
he is rarely completely bound by a published curriculum. Over a period of a 
few years, gradually new approaches and techniques can be tried. Those found 
useful are retained, the others are replaced. The curriculum, in the total sense 
of the term, is continually developing. 

If the teacher is 2 member of a large school system, he 18 probably aware 
that curriculum revision 1s going on all the time. For instance, if the reader 
will study Table 18-2, “Long Term Plans in Curriculum Development 1956 
through 1960” of the Minneapolis Public Schools, he will note that the revi 
of the science curriculum is part and parcel of a total program of revision of 
all courses of study. Even as he is reading this section, committees of teachers in 
the schools of Minneapolis are engaged in this constant round of revision. In 
this way teachers do revise the curriculum with the aid and counsel of the 
administrative and supervisory staff. 





Implementing curriculum revision 


We should be naive in the extreme to assume that the publication of a 
city or state course of study, however it was developed, guaranteed a change in 
the classroom operation and methods of all teachers receiving the publication. 
Why should this be so? 

First, communication between science teachers is meager. In some schools 
those teaching biology hardly know the names of those teaching the physical 
sciences. Often there is no communication between those housed in the junior 
high school and those in the senior high school. Teachers in one school system 
may be completely isolated from those in other systems, unaware of the others’ 
problems or instructional or curricular inventions. In addition, the centering 
of concern upon subject matter has reduced the spirit of teamwork among 
science teachers. For what purposes and on what ground should the teachers 
of "standard courses" in biology, chemistry, and physics meet for common 
discussions? Narrow subject matter specialization has also tended to isolate 
science teachers from concern for the total curriculum of the school and from 
Knowledge of the base and substance of curriculums in other schools, Irrespec- 
tive of the direction taken in curricular changes, knowledge of what others 
have done, their successes and failures, is essential. 
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Second, throughout the nation, constructive, sympathetic supervision in 
science is meager. In certain schools, especially in large schoals, science super- 
visors are provided, Yet in too many schools little effective help to science 
teachers is provided. Yet new teachers, whether beginners or experienced 
teachers of other subjects impressed (converted) into teaching science, are in 
severe need of assistance.5 Wise teachers may be near at hand, but rarely does 
there exist a mechanism for bringing the beginner and the “wise old hand” 
together frequently for constructive discussions, intervisitations, and the like. 

Third, there is not enough time. Many science teachers indicate that they 
simply do not have enough time to teach as well as they might, let alone keep 
up with new trends, With growing enrollments and a shortage of adequately 
prepared new science teachers, those in the classroom face larger classes, more 
papers, more sections, more laboratory equipment. Seemingly there is no end 
to the continual housekeeping that a conscientious teacher does. (We hope that 
some of our suggestions 1n Section V, Tools for the Science Teacher, about 
laboratory squads, and so forth, may be of some small help in reducing the 
housekeeping chores.) 

Often the needed time for improvement of courses and the over-all cur- 
riculum does exist, but is not available for these greatly needed activities, 
because the teacher feels obliged to take on a second job to meet his financial 
needs. We da nat have an casy answer to this problem, yet we suspect that 
excellence in teaching will be recognized, With competent science teachers in 
short supply, communiues will find ways and means of retaining or of attract- 
ing admired teachers who are effective in teaching children, 

Teachers, busy with the day-to-day responsibilities and often carrying 2 
second job, sincerely wonder when time may be available for thoughtful course 
planning and curriculum development. After-school sessions are, in our ex- 
perience, relatively inefficient. Summer sessions are perhaps the answer; then 
school systems would need to allocate greater funds to support their teachers 
during these “free” months, Possibly the various patterns of governmental and 
industrial fellowships will come to underwrite this type of summer planning. 

Finally, in smal] schools (over half the young people go to high schools 
enrolling not more than 400 pupils among all the grades) the curriculum 
cannot be very flexible, Generally in such schools the basic curriculum is that 
known as “college preparatory.” Yet, as we have scen, nation-wide only about 
half the children even graduate from high school. Of those who do, around 
one-third (or one-sixth of the age group) enter college. These facts become 
even more significant when we consider the wide variations between schools. 

From some larger suburban schools as many as 75 per cent of the children 
enter a college, while from some small rural schools only 1 or 2 per cent enroll 
lor further education. Then we have the “college preparatory” program domi- 











Ator evidence of this need of teachers and the tach of help they receive, see F, G, 
Watson and Edward Victor. The Concerted Science Teacher, New England School Develop- 
ment Council, Cambridge 38, Mass, 1957, 
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TABLE 18-2. Minneapolis public schools: long-term plans in curriculum 


a m mmm 


1957-1958 


ELEMENTARY ONLY 


ELEMENTARY -SECONDARY 


JUNIOR HICH ONLY 


JUNIOR SENIOR HIGH 


SPMIOR MICH ONLY 


Initiation and organization 
of new program ar pro- 
gram to be revised 





Guide to Teaching 
Electricity 


Retailing, Basic Business, 
Typewriting 

Art Resources—second year 
on three-year tria) basis 


Development and introduc. 
tion of experimental mate- 
rials or program 





Taculty Studies, extend to 
other schools 

Functional Spelling, extend 
to other schools 


Science 


Senior High School Day, 
Study of Office Trainmg, 
Secretarial Practice 


—_ 


1958-1959. 
ELEMENTARY ONLY 


ELEMENTARY-SECONDARY 


JUNIOR HIGH ONLY 


JUNIOR SENIOR HICH 


SENIOR HIGH ONLY 


Guide to Teaching Reading 
in the Elementary School 
(Revised) 


Guide to Teaching 
Graphic Arts 


Advanced Business Prin- 
‘ples, Senior Shorthand, 
Semor Typewnting, Mz 
chine Calculating 

Art Resources, third year on 
three-year basis 


Faculty Studies, extend to 
other schools 

Functional Spelling, include 
all remang schools 


Gunde to Teaching Science 


Guide to "Teaching 
Electnaty 


Retailing, Basic Business, 
Busness Typewünng 


“Dy permission of Dr Rufus Putnam, Superintendent of Minneapolis Schools. 
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development 1956 through 1960 * 





Development of more perma 
nent program oj materials 





Handbook on Reading 
Center Program 
Guide to Mustc Teaching 


Guide for Teaching Special 
Classes 

Handbook on Evaluating 
Techniques 

Curnculum in Heath, 
Physical Education, and 
Recreation, hindergarten— 
12 


Reading. Guide to Reading, 
Listening, and Viewing 
Guide to Teaching Metal- 

work 


Scope and Sequence in Busi- 
ness Education 

Shorthand I 

Shorthand It 

Bookkeeping 


Introduction of completed 
program 





Faculty Studies, Handbook 
for Teachers 
Guide to Music Teaching 


Speech Correction in practice 
Socal Studies Curriculum 


Guide to Teaching Wood- 
work 


Gude to Teaching Mechani- 
‘al Drawing 





1957-1958 


Evaluation of program 








Office Training. 
Secretarial Practice 


Handbook on Reading Cen- 
ter Program 


Guide for Teaching Speaal 
Classes 

Handbook on Exaluating 
Techniques 

Curriculum in Health, Physi- 
«al Education and Recrea- 
sion, Lindergarten-12 


Reading, Guide to Reading. 
Listening and \iewing 

Guide to Teaching Metal. 
work 

Scope and Sequence. Short- 
hand 1, Shorthand II, 
Bool keeping 


1955-1950 
Functional Spelling 


Communication, Guide to the 
Teaching of Speaking and 
Writing 


Cuide to Teaching Wood. 
work 


Guute to Teaching Mechani- 
eal Drawing 


TABLE 18-2. (cont) 
E E e e e er i m ii 
1959-1960 


Ininaton and organization Development and introdut- 
of new program or pro- hon of experimental mæ 
gram to be sevised terials or program 








——— 


ELEMENTARY ONLY 


ELEMENTARY SECONDARY 
JUNIOR HICH ONLY Guide 10 Teaching 

Graphic Arts 
JUMOR SENIOX. mon 


SEMOR HIGH ONLY Senior Shorthand, Senior 
Typewriting, Machine 
Calevlanng, Advanced 
Busness Principles 





nating in the smaller schools, which have the fewest collegiate aspirants and 
the largest numbers of terminal students. 

While there ate surely many other factors acting to retard curricular 
changes, one other must be mentioned: many teachers underestimate them- 
selves, All teachers can produce changes in the curriculum; they do so every 
time they face a class. All teachers can offer their suggestions, even in the face 
of apparent resection, They can do no fess. 

As we mentioned much earlier, a beginning teacher should adapt to his 
school situation for the first year or so, After all, the practices in the school are 
the result of long experience, and his is relatively short. But as he progresses 
toward becoming a skillful teacher, surely his sense of responsibility will de- 
mand that he do whatever he can to improve not only his own teaching, but 
also the framework within which he teaches. 

The cases of curriculum development cited earlier, along with many others, 
originated in one way or another in the initiative of teachers (whether these be 
teachers who have taken on the additional responsibility of becoming experts 
in curriculum or not), 





An extended excursion 
into developing one’s own 
curricular invention 


When a teacher tries to improve his course of study, or is part of a com- 


mittee to develop a “new” curriculum, he is actually on the search for “new 
directions" in science teaching. Perhaps these directions in curricular revisions 
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Development of more perma- 


nent program of materials 





Guide to Teaching Reading 
in the Elementary School 
(Revised) 


Guide 10 Teaching Science 


Introduction of completed 
program 





1959-1960 


Evaluation of program 





Handbook to Parents on Ele- 
mentary School Curricu- 
lum 


Social Studies Curriculum 


Guide to Teaching 
Electricity 
Guide to Teaching Metal- 
work 
Office Training, Secretarial 
Practice 


Retailing, Basic Business, 
Business T pewnung 


Scope and Sequence, Short- 
hand |, Sbortband 1l, 
Bookkeeping 

Art Resources, evaluation of 
three vear trial project 





would be useful. How does he proceed? Logically he would proceed by exam- 
ining the literature, A selected portion of it has been offered throughout this 
section; more references will be suggested here. Possibly these attempts will 
indicate the directions, some "new," some "old," which might prove of value 
to him. 

In many school systems and schools, the beginning teacher finds a cur- 
riculum. Dut as soon as he begins teaching, he begins to think of ways to 
modify his courses and hís curriculum. Soon he is asked to become part of a 
committee to revise the curriculum. If he is the only science teacher in a 
school, or one of two or esen three, the position he takes with regard to the 
curriculum becomes especially important. 

Whether the teacher is a member of a large school system or small, his 
curriculum will generally consist of one of the following patterns, or some 
combination of them, or of the type of variations discussed in items 18-1, 18-2, 
and 18-3 (pp. 381-84). 


Pattern A: standard sequence 


If the pattern of classes indicated in Chapter 3, Science Classes, conforms 
to your ideas, if the kinds of courses we have detailed in the preceding chapters 
on curricular inventions are similar to your own, present or projected, then it 
is probable that you will devise your curriculum to include the four major 
types of courses. In addition, you will probably make provision for the science 
shy and the science prone as indicated in Chapters 8 and 9... 

Mf you have been collecting courses of study, You hase a remarkable col. 
lection which should serve you well. You not only have the major courses, but 
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£ 


you have the various t) pes ol courses given in any community or even a nation 
with special needs and interests. Also, many school systems have curriculum 
libraries with good collections of courses, 


Pattern B: substitufe courses 


You may have tried or examined the so-called college preparatory cur- 
riculum, and have concluded that the objectives you hold for the education of 
young people are not adequately met by the courses in that curriculum. 

Perhaps you will want to evaluate or try one or more substitute courses: 


1. A course in “physical suence” for those students who do not take, or 
cannot take, physics or chemistry (see p. 343). 

2, A course in "advanced science" for students who want to be scientists, 
‘This course is mainly built around project work (see p. 182). 

8, A course in “earth science” for students who seem not to do well in 
mathematics (see p. 339). 


Pattern C; a core curriculum 


Perhaps substitute courses do not fit your purposes. Possibly your objec- 
tives and your training lead you toward development of a core curriculum 
around the special needs and interests of your students and their communit; 

We mentioned briefly the core approach on page 363. The available evi- 
dence indicates that only teachers of wide knowledge and considerable teaching 
skill will be successful in a core program. Often a social studies or English 
teacher, who lacks personal study in science and the continuing assistance of 
a well-informed science teacher, will ignore or fail to see and develop the im- 
plications of science in the core area, Burnett stresses this point in his able 
discussion of the difficulties of the core approach in science. 

Should you care to explore further into the core approach and general 


techniques in the development of the high school curriculum, the following 
books will be helpful. 





Alberty, Harold, Reorganizing the High School Curriculum, N. Y.: Macmillan, 1917. 

Leonard, Paul, Developing the Secondary School Curriculum, N. ¥.: Rinehart, 1953 

Stratemeyer, F. B, H. L. Forkner, and M. G. McKim, Developing @ Curriculum for 
Modern Living, N Y.: Bureau of Publications, Columbia University, 1947. 


After these introductions to the core, you may want to study specific 
analyses of “cores” in practice. 


7 Tifteenth. International Conference on. Public Educanon, Teaching of Naturai n 
in Secondary Schools, Bureau of Publications, Teachers College, Colunibin UL NO YS I 
(Convened by uwesco and the International Bureau of Education at Geneva) E 

AR Wal Burnett, op. cit, pp. 293 315. See also The Core Program, Abstracts of Unpub- 
lished Research, 1946-1933, U.S Otice of Fducauon Circular 485, Washington, D. Cy 1956. 
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For instance, Lorge ® compared experimental core-t}pe and control groups 
(taking established courses) by objective measurement in vocabulary, science 
achievement, algebra, and contemporary affairs. He concluded that students in 
the core-type program were equal to, or superior to, the control group on every 
objective measure. 

Other sources which detail evaluations of practical experience in core work 
are: 


Capehart, B. E, A. Hodges, and. N. Berdan, “An Objective Evaluation of 2 Core 
Program," School Review, 60-81-89, Feb. 1952. 

Core Curnculum imn Philadelphia: 4n Analysts of Principles and Practices, Curriculum. 
Office, Philadelphia Public Schools, May 1919. 

Oberholuer, E. E. An Integrated Curnculum in Practice, Bureau of Publications, 
Teachers College, Columbia University, N. ¥., 1937. 

Wnght, G., Core Curriculum, Office of Education Bulletin No. 5, Federal Security 
Agency, 1952. 


Pattern D: four years of science 


Perhaps you will not be satisfied with a core program or substitute courses. 
Perhaps you have examined what has happened to the curriculum in English, 
and wondered whether it is possible to similarly “meld” the work in four years 
of science. 

Perhaps you feel this to be a useful attempt because you believe that mere 
substitution of one course for another—i.e., physical science for chemistry and 
physics, biology for general science, or earth science for general science—or 
whatever seems to be the intent of "trial and error" curriculum making is not 
desirable. We, you may remember from your reading on p. $24, burned our 
curricular fingers severely by attempting to substitute biology, then chemistry, 
for general science; however, we didn’t get to do so for physics. 

The major reason for our failure, and we acknowledge it, was our peculiar 
notion that “good and interesting” teaching can get students to learn almost 
anything. We tend to suspect that most boys and girls of an 1.Q. around 
100-110 cannot in the ninth grade master physics and chemistry) as usually 
given in the eleventh and twelfth grades, nor biology as usually given in the 
tenth grade. Our experience was that youngsters of equivalent LQ. made con- 
siderably lower grades in the same tests in the ninth grade. We gave our reasons 
(on p. 325) for suspecting that if these courses are offered in the ninth grade, 
they need to be freed to nindigrade poungsters. 

In any esent, if onl} becuse earlier we promised to detail a course in four 
years of science, we present our efforts here. Time will tell whether the “course 
approach” (separate courses), the “fused-curriculum” (Science, Four Years) as 
detailed immediately following. the "core approach" (see Pattern C in this 


*Irinz Lorge. "Curncslum Exaluxton-Bronx High School of Science,” High Points, 
Ime. Mav P912. 
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you have the various types of coinses given in any community or even a nation? 
with special needs and interests. Also, many school systems have curriculum 
hbraries with good collections of courses. 


Pattern B: substitute courses 


You may have tned or examined the so-called college-preparatory cur- 
riculum, and have concluded that the objectives you hold for the education of 
young people are not adequately met by the courses 1n that curriculum, 

Perhaps you will want to evaluate or try one or more substitute courses: 


1. A course in "physical science” for those students who do not take, or 
cannot take, physics or chemistry (see p. 343). 

2. A course in “advanced science” for students who want to be scientists. 
This course is mainly built around project work (see p. 182). 

3 A course in “earth science” for students who seem nat to do well in 
mathematics (see p. 339). 


Pattern C: a core curriculum 


Perhaps substitute courses do not fit your purposes. Possibly your objec- 
tives and your traming lead you toward development of a core curriculum 
around the special needs and interests of your students and their community. 

We mentioned briefly the core approach on page 363. The available evi- 
dence indicates that only teachers of wide knowledge and considerable teaching 
shill will be successful in a core program Often a social studies or English 
teacher, who lacks personal study in science and the continuing assistance of 
a well-informed science teacher, will ignore or fail to see and develop the im- 
plications of science in the core area. Burnett stresses this point in his able 
discussion of the difficulties of the core approach in science.’ 

Should you care to explore further into the core approach and general 
techniques in the development of the high school curriculum, the following 
books will be helpful. 


Alberty, Harold, Reorganizing the High School Curriculum, N. Y." Macmillan, 1947. 

Leonard, Paul, Developing the Secondary School Curriculum, N. Y." Rinebart, 1953 

Stratemeyer, F B, HL. Forkner, and M. G McKim, Developing a Curriculum for 
Modern Lwing, N Y.: Bureau of Publications, Columbia University, 1947. 


After these introductions to the core, you may want to study specific 
analyses of “cores” in practice. 


7 Fifteenth International Conference on Public Education, Teaching of Netural Science 
tn Secondary Schools, Bureau of Publications, Teachers College, Columbia U, N. Y, 1952 
(Convened by Unesco and the Internationa! Bureau of Education at Geneva 

*R. Will Burnett, of. cit, pp. 295 315. See also The Core Program, Abstracts of Unpub- 
shed Research, 1946-1955, U.S. Office of Education Circular 485, Washington, DC. 1956 
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tween the desires of the individual and the desires of the society in which he 
lives, so problems of living generally involve tbe interaction of an organism 
(a biological entity) with its physical and chemical environment. This is merely 
to emphasize that problems of our world are solsed by individuals who can 
correlate or fuse different areas of experience. This basic purpose is best met 
by similar learning experiences devised in school. 

The sequence shown in Table 18-3 must be modified for each individual 
school. One of the advantages of this organization is that subject matter is used 
only as it answers a desirable or necessary problem. It should be clear that a 
complete syllabus cannot be presented; the lettered topics in the outline are 
merely suggestive and should serve as a frame of reference. 

We do not contend that this pattern of courses has any greater merit than 
another which the reader may invent. But we do say that: 





1, The conventional structure of the curriculum in terms of general 
science, biology, chemistry, and physics need not be fixed. 

2. The trend toward election of four years of science by all pupils will be 
accelerated when a continuous program of courses in science, given over four 
years, has been adopted. 


One advantage of a continuous program of four years in science is especially 
interesting. Jt might abolish the tension between schools and colleges about 
“preparatory courses” that do not seem to “prepare.” Surely a student taking 
four years in a continuous program would know much about the various areas 
of science. He might be strongly “prepared” for collegiate work, especially 
through a knowledge of how 10 define and attack problems, how to use the 
library and equipmental resources, how to think and operate in science. 

Teachers in such a program would be “science teachers,” not biology 
teachers or physics teachers or chemistry teachers. While this change in title 
to the equivalent of “English teacher” or “mathematics teacher” might seem 
novel, most teachers of science in the United States, of necessity, already teach 
more than one science; in the small schools (predominant in the U, S), many 
teachers of science teach all the different sciences. 


18-1. These four patterns by no means sum up the possibilities. For instance, 
you may want to read New Directions in Science Teaching? This volume re- 
ported on a cooperative project between seventeen secondary schools and the 
Bureau of Educational Research in Science, Teachers College, Columbia Uni- 
versity, between 1910 and 1942. One teacher from each of the seventeen schools 
(13 public and 4 independent) worked together for three summers with a large 
staff under the general supervision of Professor S. R. Powers. Many useful 
new courses were designed. Among the interdepartmental courses were: 


Integration of All Subjects in Ninth Grade (Bronx High School of Science, 
New York City) 


19 A. D. Laton and S. R. Powers, New Directions in Science Teaching, McGraw-Hill, N. Ya 
1949. 
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section), or still some other approach will become the curricular trend in science 
m the future. : 

In the years 1915 to 1053 several trial runs were made at the Forest Hills 
High School of a course ntled “Science, Four Years." The attempt was to de- 
velop a four-year course cutung across subject areas The youngsters who took 
tlus course (74 10. two groups) certaimly did as well in standard examinations 
and in the College Entrance Board Examinauons as did a control group. Since 
the number of students was small, we are not going to elaborate statistics, but 
simply give our observations, 1¢., that these youngsters had opportunity to sce 
science im relation to their problems, their own needs and interests; that these 
youngsters had Ireedom and time to discuss ethical and. emotional problems; 
that these youngsters saw science 1n relation to its social context. Furthermore, 
the teacher had time to teach because he taught the material when it was rele- 
vant, he did not need to refer bach hopefully to another course where the 
material was taught and possibly learned, 

For instance, when respiration was stodied, the siructure and function of 
the respiratory organs were examined, alveolar structures were studied under 
the microscope, dissections were made, oxygen and nitrogen were prepared, 
and their properties (in relation to respiration} were studied; and the prin- 
ciples affecting the behavior of gases were considered. In this very brief ac- 
count of a minute division of science, it is clear that subject matter usually 
considered under general science, biology, chemistry, and physics is combined 
into one experience concerned with a life problem. 

The four years of science were titled: Science and the Individual, Science 
and the Family, Science and the Community, and Science and the World, These 
titles were not merely names, Emphasis was not placed on subject matter, but 
it was learned only as it served the personal, socio-personal, socio-civic, and 
socio-economic needs of the individual The need of the individual to be à 
healthy functioning citizen involves biology and chemistry, as well as physics 
and other fields. The need of the individual to be adequately housed is related 
to: the biology, chemistry, and physics of sewage disposal: the biology of the 
effect of sunlight on growth and discase; the chemistry of construction ma- 
terials; the physics of forces and movements; refrigeration and ventilation-to 
mention but a few aspects, In a science curriculum based upon a traditional 
pattern, the teachers of chemistry, biology, and physics delay or avoid a com- 
prehensive discussion of any problem until another cubicle of science is 
mastered. In fact, many of them console themselses by answering a student's 
questions with the evasive statement, “We can't take this up here; wait till you 
get to physics.” Possibly the boy or girl never reaches physics Almost certainly 
the pupils fail to see the totality of scientific factors which influence their fives 
daily. 

If it is a requirement of our age that boys and girls must understand their 
environment, then teachers of science must fulfill their function by furnishing 
the continuous experiences necessary for the understanding of related problems. 
And in much the same way that a developmental task is an interaction be- 
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tween the desires of the individual and the desires of the society in which he 
lives, so problems of living generally involve the interaction of an organism 
(a biological entity) with its physical and chemical environment, This is merely 
to emphasize that problems of our world are solved by individuals who can 
correlate or fuse different areas of experience. This basic purpose is best met 
by similar learníng experiences devised in school. 

"The sequence shown in Table 183 must be modified for each individual 
school. One of the advantages of this organization is that subject matter is used 
only as 1t answers a desirable or necessary problem. It should be clear that a 
complete syllabus cannot be presented; the lettered topics in the outline are 
merely suggestive and should serve as a frame of reference. 

We do not contend that this pattern of courses has any greater merit than 
another which the reader may invent. But we do say that: 


l1. The conventional structure of the curriculum in terms of general 
science, biology, chemistry, and physics need not be fixed. 

2. The trend toward election of four years of science by all pupils will be 
accelerated when a continuous program of courses in science, given over four 
years, has been adopted. 


One advantage of a continuous program of four years in science is especially 
interesting. It might abolish the tension between schools and colleges about 
“preparatory courses” that do not seem to "prepare." Surely a student taking 
four years in a continuous program would know much about the various areas 
of science. He might be strongly “prepared” for collegiate work, especially 
through a knowledge of how to define and attack problems, how to use the 
library and equipmental resources, how to think and operate in science, 

Teachers in such a program would be “science teachers,” not biology 
teachers or physics teachers or chemistry teachers. While this change in title 
to the equivalent of "English teacher" or "mathematics teacher” might seem 
novel, most teachers of science in the United States, of necessity, already teach 
more than one science; in the small schools (predominant in the U. $), many 
teachers of science teach all the different sciences. 


18-1, These four patterns by no means sum up the possibilities. For instance, 
you may want to read New Directions in Science Teaching.° This volume re- 
ported on a cooperative project between seventeen secondary schools and the 
Bureau of Educational Research in Science, Teachers College, Columbia Uni- 
versity, between 1910 and 1942. One teacher from each of the seventeen schools 
(13 public and 4 independent) worked together for three summers with a large 
staff under the general supervision of Professor S. R. Powers. Many useful 
new courses were designed. Among the interdepartmental courses were: 


Integration of All Subjects in Ninth Grade (Bronx High School of Science, 
New York City) 





16 A. D. Laton and S. R. Powers, New Directions in Science Teaching, McGraw-Hill, N, Y., 
1949. 
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TABLE 18-3. Science—fovr years * 


e ee, 


First year. Sctence and the individual 





Problems in adequate nutrition 

V hands of food. 

B Nurnients 

C Chemistry and phwsics of digestion 
and absorption 

D Chenustry of oxidation 

E. Diets in relation to health 

F. The consumer 


I. The function and structure of the body 
A Diology, chemistry, and phisis of 
respiration 
B Biology and chemistry of blood, 
physics and biology of blood pressure 
© \iston and heanng 
D Introductory physics of light and 
sound 
E. Chemical tests of urine and sweat 
F, Excretion 
G. First aid 
IIb Prevention of disease 


A. Water borne discases 


Aur borne diseases 

Human carriers 

Infecvon and contagion 

Applied chemistry of anuseptics and 
chlormation. 

Immunity 

Public health measures 

Sewage disposal 


mon monu 


^ person's behavior 
A Structure and function of the nervous 


system in relation to learning and ¢o 
habit formation 


Leisure activities 
. Photography 
Nature-study 
Pets 
‘Tropical fish 
Growing plants 
Radio 
. Engineering activities 
H Airplane models and aviation 


A. 
B 
C 


D 
E 
F. 
G. 


Third year. Science in the community 


1 


1v. 





* P. F. Brandwei 


1, Togemic factors 
A Improvement of the individual as a 
community problem 
Tl. Feeblermndedness 
C. Dith rate and death rate 
D War as a destroyer of germ plasm 
and productive auzens 


II. Personal services 
A. Recreation 
B Medical services 
C Education. 


II Improvement of food 
A. Chemistry and biology of photosya- 
thesis 
B Heredity and biologic production 


Improvement of soits 

‘A. Chemistry of sois, hydroponics 
B Practical gardening 

©. Ferulvers 

D. Phisics of erosion 

E. Inological organisms 

F. Agricultural practices 


Conservation of resources 
A. Coal, metals, minerals, and mining 
B. Forest and lumbering practices 





ML. Housing 


A. Chemustry of materials 

B Physics of structure 

C. Heating, vennlating, humidifying, 
refrigeration 

D Biologic factors 


MIL. Energy 


A. Chemical energy for muscles, in- 
cluding a fuller analysis than usual 


‘of chemical changes in blood and 
muscles 


B Machines 
C Fuels, water power, electricity 
D. Future of atomic power 


VIII. Communication 


A. Telephone, radio, radar, television 

B Automobile, locomotive, airplane 

C. Fuller treatment of light, sound, and 
wave physica 

D. Electronics. 

E. Chemstry and physics of the com- 
busuon engine 

F. Aviation physics 


‘our Years of Science,” Science Education, 29, 29, Feb, 1915 


———— M 
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Second year: Science and the family 


1 Septem 


A. Common animal reproduction 

B. Indmidual or group conferences on 
buman reproduction where classes are 
mixed, or das discussion in segre- 
gated dases 

C. Prenatal and postnatal care 


TL. Heredity 

A. Prinaples of heredity 

B Environment and heredity 

C. Applicauon to human beings 

D. Marnage 

E. The early environment of the infant 
III. Safety in the bome 

A. Prevenuon of accidents 

B. The medicine cabinet 

C. Reuew of first aid 


IV. The bome chemist 


A. Chemistry of cooking and cleaning 
B. Chemistry and physics of clothing 


V. The home electrician 


A. Understanding electrical appliances at. 
home 
B. Practical experience 


VI. The home biologist 


A. Maintenance of food to asoid spoiling 
B Elements of nursing the sich person 
C. Growing plants 

D Care of pets 

E. Care of young children 





Fourth year: Science and the world 


L. Saence and technology 
A. Effect on world economy 
B. Employment, leisure, communication 
C. Interrelationship among people 


II. Racial understanding 
A. Evolution of man and human races 
D. Brief psychology of human relations 





III. The life span 


A. Buth rate and death rate 
B. Factors affecting productive life and 
health 





Integration of Science and Social Studies (Edwin Denby High School, 


Detroit) 


Integration of American History and Chemistry (Olney High School, 


Philadelphia) 


Integration of Science and English (Arsenal Technical School, Indian- 


apolis) 


Core Course on Human Lising (Lincoln School, New York City) 
Integration of Chemistry and Economics (Cranbrook School, Bloomfield 


Hills, Mich) 


Correlation of Biology and Home Nursing (George Rogers Clark High 


School, Hammond, Ind.) 


English—Science Course (New Tries Twp. High School, Winnetka, HL) 


Many existing courses were modified. In biology the emphasis turned upon 
human development and growth. In the physical sciences the emphasis was 
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riculum. What differences do you find in intent? In content? In phraseology? 


18-4, Explore the curriculum revision under way in your school, or a school 
nearby. Is it being done under a long-term plan like that of Minneapolis? How 
was the revision started? What enthusiasm for it exists among the teachers? 
When and how often do the committees meet? What sources of information 
and ideas are used by the science committee? 


18-5. Have you seen your state's recommended science curriculum for the 
secondary school? For the elementary school? On what basis was either con- 
structed? How old is it? What further modifications are being developed now? 


18-6. If you are now teaching, which of the inhibitors to curriculum develop- 
ment discussed in the subsection entitled Implementing Curriculum Revision 
operate in your school? What other deterrents can you identify? How would 
you overcome those that seem most serious? 


18-7. In what ways is the science department in your school, or a nearby 
school, feeling the pressures discussed on page 371? What lines of action are 
being considered? Do «ou consider these actions adequate for the present? 
For cen years from now? 





18-8. What pattern of contact exists in your community between the science 
teachers in the junior high school and those in the senior high? How much 
cooperate planning goes on to ensure continuity of instruction and a mini- 
mum of duplication? 


18-9, Have you the texts for "new courses" in science, e.g., physical science? 
Have you examined the various texts concerned with the courses you teach? In 
a sense, a text is a suggested course of study. 


18-10. What possibilities do you see in courses titled: 
(a) Technology in Todav's World 
(b) Biology and Statistics 
(c) Chemistry of the Body 
(d) The Scientist's Way 
(e) Psychology for Seniors 


18-11. The curriculum shown in Table 184 is an example of one recom- 
mended for the full range of students, (Notice that the excerpt we present con- 
cerns courses only; activities and projects such as those discussed in Chapters 
8 and 9 are also part of this curriculum.) The pattern shown differs for the 
science prone in that earth science is offered for only these students in the 
ninth grade and advanced or college-level courses in the twelfth grade. In other 
parts of the county a few schools are offering biology in the ninth grade for 
the accelerated program. 

We have occasion to wonder: Is the clue to developing the science prone 
the coverng of more subject matter or the uncovering of it through making 
available the time and the opportunity to deal with “original” problems in 
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DETERMINING 
Section Four | THE SUCCESS OF 
SCIENCE TEACHING 


A; Socrates said, “The unexamined life is not worth living.” 
Teaching too requires constant appraisal; even as the teacher examines himself 
and lus goals; even as he examines himself as a human, aside from his goals 
as a teacher, Every thoughtful teacher wishes to know as clearly as possible 
what effects his course has upon the students. He wants this information for 
four main purposes. 


1. for changing and improving his teaching 

2. for analyzing the strengths and weaknesses of individual students 
3. for predicting how they may perform in the future 

4. for grading Ins students 


These are four separate operations which the teacher desires from his evalua- 
tion. If the first three become shghted through emphasis upon the fourth, 
useful information that would help the teacher appraise his teaching will be 
lost. 

Somehow we must assess the learning, or changed behavior, resulting from 
our teaching. Such evaluation 1s mevitably two-way, for the accomplishments 
of the students mirror our effecti eness. Often we are unhappy over what we 
see and find, but we must consider the results realistically in terms of the 
potential of the students as well as our own efforts. What we need is thought- 
ful appraisal based upon extensive information. 

As we consider evaluation we are concerned with more than just testing. 
Evaluation is based upon the day-to-day observations in the classroom, upon 
the students’ intellectual and emotional growth, upon our expectations for 
their futures. Observational means as well as tests of various types provide 
the information needed. A general approach to evaluation, with examples, 
1eqenres a full chapter, Chapter 19. Chapter 20 considers special teacher-made 
evaluation devices, and some suggestions by which the teacher may improve 
his tests and lus interpretations of their results. The third and final chapter 
of the section considers the science teacher in a larger context—as the key to 
successful science teaching, as a national resource. 
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science (Chapter 9)? What evidence is there that one approach is more effective 
than the other? 


TABLE 18-4 A four-track science curriculum * 


—————————————————— 





Accelerated Regular academe General Vocational 
GRADE 7 8 general science general sence general science general science 
GRADE 9 earth science general science —— general saente — general science 
or related 
science 
crave 1012 biology biology biological related and 
science apphed 
chemistry earth scence sciences in 
physical vocational and 
physics chemistry science prevocational 
programs 
advanced or physics 
college level 
science 


* From Biology, Topics and Understandings for a Course of Study m the Sctence of Living 
Things, The University of the Stare of New Yosh, Albany, 1938. 

+ These are the courses offered in the tenth, eleventh, and twellth grades, they are electives, 
‘The courses shown for grades seven through mine are required, 
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DETERMINING 
Section Four | THE SUCCESS OF 
SCIENCE TEACHING 


A; Socrates said, “The unexamined life is not worth living.” 
Teaching too requires constant appraisal, even as the teacher examines himself 
and his goals; even as he examines himself as a human, aside from his goals 
as a teacher. Every thoughtful teacher wishes to know as clearly as possible 
what effects lus course has upon the students. He wants this information for 
four main purposes: 


1. for changing and improving his teaching 

2. for analyzing the strengths and weaknesses of individual students 
3. for predicting how they may perform in the future 

4. for grading his students 


These are four separate operations which the teacher desires from his evalua- 
tion, If the first three become shghted through emphasis upon the fourth, 
useful information that would help the teacher appraise his teaching will be 
lost. 

Somehow we must assess the learning, or changed behavior, resulting from 
our teaching. Such evaluation 1s mevatably two-way, for the accomplishments 
of the students mirror our effectiveness. Often we are unhappy over what we 
see and find, but we must consider the results realistically in terms of the 
potential of the students as well as our own efforts What we need is thought- 
ful appraisal based upon extensive information. 

As we consider evaluation we are concerned with more than just testing. 
Evaluation ss based upon the day-to day observations in the classroom, upon 
the students’ intellectual and emotional growth, upon our expectations for 
thei futures Observational means as well as tests of vanous types provide 
the information needed. A general approach to evaluation, with examples, 
requites a full chapter, Chapter 19. Chapter 20 considers special teacher-made 
evaluation devices, and some suggestions by which the teacher may improve . 
his tests and his interpretations of their results. The third and final chapter 
of the section considers the science teacher in a larger context—as the hey to 
successful science teaching, as a national resource. 
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CHAPTER 19 


Appraising the student: 


A general approach to evaluation 


A note at the beginning: Initially we must emphasize one point: Students are 
“test conscious.” If your principal means of evaluation is 
tests, as it probably is, the students will be guided in their 
study and smage of the course by the hinds of tests you give. 
If your tests emphasize recall, the students will memorize 
and “cram.” If your tests emphasize reasoning and under- 
standing through eatensive evidence and application, they 
will strive to reason and understand, as well as to recall 
what seems essential. 1M your tests emphasize the College 
Boards or the Regents Examinations, the students will aim 
at these limited goals Tests thus are powerful teaching 
tools; they help set the tone of your instruction and of the 
students’ learning. The tests you give are the students’ clue 
to your real objectives. 


Purposes of evaluation 


Evaluation can, as we noted in the introduction to this section, be used 
for at least four diflerent purposes; and we must be sure that our techniques 


serve the particular purpose or purposes we have in mind. But the phrase 
"purposes of evaluation" cam be read another way: what it is that we want 
to evaluate, other than the effect of our teaching upon pupil attainment of our 


many types of objectives. 
What to evalyate for 
We can evaluate students for: 


,., ]- Achievement. (the degree to which each student has mastered certain 
information, manual skills, and intellectual procedures). 


2. Diagnostic purposes (to clarify to ourselves and the students their 
specific strengths and weaknesses). 
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TABLE 19-1 Sources of information 
Scores of Scores of 
Intent indwidual pupil class Techniques 
1 Achievement Initial status, growth, Teacher effectiveness — Observation and tests, 
(specific prediction of future — «hen compared to —— both Ioca! and stand- 
knowledge, growth other classes, other ardized, with norms 
skills, years, other schools, 
concepts, other material of in- 
attitudes) struction, national 
norms 
2 Diagnosis Diagnosis of individual Teachers methods, Observations, special 
(general pupil, treatment in choice of material Tests, student con- 
habitual class, changed be- for instruction ferences, and anec- 
response. havios, prediction of dotal records 
patterns) future behavior 
3. Prediction Future behavior Obsenation, achieve- 
ment and special 
examinations, con- 
ferences, and anec- 
dotal records 





3. Predictive purposes (to provide a basis upon which future behavior of 
the student may be forecast). 


4. Effectiveness of a particular teaching procedure. 


Generally it is wise to perform these varied evaluations separately. Fach 
is likely to involve special tools or circumstances for the specific purpose. If 
these distinctions are not made, we may obtain a result, but we will not know 
what it means. A tabular analysis of these different functions as they relate to 
individual pupils, to the group, to the teacher's behavior, and to the techniques 
of evaluation (Table 19-1) may clarify these distinctions. Some overlap between 
purposes and operations for evaluation is unavoidable, but at least we have 
a framework within which to consider evaluation. 


What to evaluate 


Teachers may lose their sense of perspective when they approach evalua- 
tion, whether observation of pupils or the formation of a test. Without clearly 
phrased objectives, they may prepare a test or a situation mostly involving 
recall (memorization) with perhaps a bit of application to “academic” prob- 
lems. This is unfortunate, for pupils often believe (with justification) that what- 
ever the test requires is what the teacher really wants of them. 

A way out of this confusion is readily available: write your objectives in 
behavioral form and specify appropriate subject material. Some of the recog- 
nized opportunities to evoke these behasiors will not be used in class; these 
are ideal for later evaluation. 
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Most professional test makers approach their task with this operational 
stew, IE you serve on one of their test-forming committees, you will be asked 
“What do you want the students to be able to do?" If you respond with gen 
eral terms like “understand . . .” or “apply... they will ask for specific 
examples defining these terms, As we have emphasized (Chapter 5), general 
objectives and observable behaviors should be planned together, You may wish 
to start with the objectives and search for behaviors or start with the behaviors 
and search for the generalized objectives: 





Both methods of determining objectives and evaluation procedures are in 
use. Neither procedure stands alone, each snfluences the other through feedback. 
Initial objectives cannot be defined without consideration of how, when, and 
where they may appear im the hfe [behavior] of the student. Similatly, initial 
formulations of problems to which certain reactions are desired cannot be done 
in vacuo, but must mn turn be related to certain socially desirable behaviors 
Since the evaluation and the objectives of a course must be consistent, they 
wall, over a period of tme, interact to the clarification of both in much the 
same Way that experiments and hypotheses interact in a scientific study Some 
instructors will proceed most rapidly starting with one aspect of the problem; 
some will find the other more congenial; all will eventually consider the same 
problems. 


Oken in the selection or construction of evaluation techniques much caon- 
cern is given to the form: essay, performance, observation, report, true-false, 
completion, multiple-choice, matching, and so on. But these are only devices 
to be used as appropriate (they are discussed in this chapter under the head- 
ing, “Techniques of Evaluation”). Thoughtful concern must first be given to 
the knowledge, skills, attitudes, and abilities to be appraised. 

While there probably will never be a complete list of attributes to be 
appraised, and while each teacher will want to emphasize different ones, some 
common and important elements can be isolated. An interesting and useful 


analysis of objectives of teaching in the physical sciences was published by 
Nedelsky: # 


1, Knowledge. The main ability to be tested for in the exercises under this 
heading, or at least the ability that can most reliably be tested, is memory. 
11 Subject matter knowledge (straight memory questions) 
LII Knowledge of laws and principles (verbal and mathematical). 
1.12 Knowledge of theories. 
1.13 Knowledge of facts (eg, density of iron). 
114 Knowledge of technical terms, symbols, units, dimensions, etc. 
1.2 Analytical knowledge. Knowledge of relations or patterns studied in the 
course, it is of a more functional nature than subject matter knowledge 
(1.1). These relations or patterns are to be tested for in nearly the same 
context in which they appeared in the course 
121 Knowledge of the relation between empirical generalizations (laws 
of nature) and specific phenomena. 


AF. G. Watson, General Education b y: 
Manat Yrs Cambndge, 1952, p 203 7 SO BY L B Cohen and F. G. Watson, 


2 Leo Neehi i : 
Jost) wm Formation of Objectives of Teaching in the Physical Sciences,” American 
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122 Knowledge of the Lases of theatrics: of relation between theories and 
facts. 

1.23 Knowledge of experimental procedures; factors affecting the validity 
of the experiment, etc. 

1.21 Knonledze of the appropriate sources of information. 

18 Knowiedse of methodology) Knowledge of the structures of the separate 
physical sciences, the relation of these sciences to one another, and their 
felanion to other fields (Only thoxe specifically taught in the course) 
151 Knowledge of the matute and structure of the physical sciences, 

132 knowledge of the historical development of the science. 

133 Knowledge of the realm of the physical scrence and its branches. 
2 Ability to use the methods of sence. In this section it is desired to hnow 
what the student can do when more or les on his own, It es therefore neces 
sary that the situations used enntain elements that are new to the student. 
[Yet] these should be of the same kind 25 thiose studied in the course. 

21 Ability to use methods ol science in abstract situations wel] defined and 
clear cut with a minimum of {recalled} content knowledge required. 
ZAL Ability to apply stated principles 
212 Abily to cary out symbolically indicated operations, 
21$ Ability to we sliogums 
Ability to use methods of scence in “academic™ situations, New to the 
student, but of a complexity similar to those used in the course. A single 
principle, law, or theory sufhces for the analysis, 

2.21 Ability to eelate empirical generalizations (laws of nature) and 
specific phenomena The particular relation should be new. 

2.22 Ability t0 relate theones and facts. 

2.23 Ability to analyze and criticize an experiment. 

2$ Ability to use methods of science in “whole” situations. More complex 
than those an 2.2, not taught, requiting more than one principle for their 
analysts, 

231 Abilits 10 use methods of physics. 
2.32 Ability to use methods of physical sciences. 
2.33 Science and Society. 

3 Ability to read scientific Inerature. 

SL Abilis to read a book of long article. 

.2 Ability to read a passage. 

38 Ability to interpret tables, graphs, drawings, ete. 

S31 Ability to interpret a table of values. 

$382 Ability to interpret graphical data. 
4. Proper attitudes and habits. This may be approached as effectively through 
the wrong answers of the student as through his correct answers. The list below 
is only a sample. 

4.1 Attitude of. oxercautiousness vs. that of jumping to conclusions or going 
beyond data. 

4.2 Attinde of underestimating the power and value of science vs. that of 
arerestimaning these or depending on the methods of empisical scence 
in the fields of philosophy, religion, etc. 

43 Attutude of underestimating the value of experiment or observation as 
tools of science vs. that of underestimating the importance of reason or 
of the man made nature of science. 

44 Possession of strong prejudices or preconceptions. 

4.5 The habit of learning things well, or not at all, «s. that of learning some- 
thing of everything. 


r 
i 
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Little change would seem necessary for this analysis to apply equally well to 
the life sciences too, (Nouce particularly Nedelsky’s introduction of the dis- 
tinction between “academic” contexts, point 2.2; those carefully reduced to 
only pertinent information, and those in “whole” situations, 2.3, in which the 
student must select what is pertinent.) This effort to produce a taxonomy of 
testable operations (behaviors) was illustrated by an extensive manual of perti- 
nent test stems.* A similar taxonomy has been formed by Benjamin Bloom,* 
and used by Paul L Dressel and Clarence H. Nelson * for organizing some 2,000 
test items. 

No claims were made by Nedelsky, by Bloom, or by Dressel and Nelson 
that their taxonomies are complete. Yet they are most useful, for they direct 
attention to significant operations we may wish to test. 


Summary 
Before doing any evaluating a teacher must know: 


1. What the evaluation is for, what purpose it is to serve for him and his 
students, 

2. What his teaching objectives are, and what behavior on his students’ 
part will tell him whether they have been achieved. 


Then, and only then, can he turn to the problem of what evaluation 
techniques to use. 


Techniques of evaluation 


At the very beginning of a discussion of techniques of evaluation we must 
face a difficult problem which bothers all teachers and others involved in 
evaluation: How good is any evaluation technique? This problem is usually 
analyzed in terms of two factors: validity and reliability. Validity refers to the 
degree with which a test measures or describes what it is supposed to measure. 
It is the answer to the question: Are we testing what we believe we are testing? 
If only we always had such a clear criterion as the time it took each student 
to swim 50 yards! There the student performs directly the operation we wish 
to measure; such a test is said to have “face validity.” Generally in school work 
we wish students to develop hidden “mental” abilities, subtle, invisible un- 
derstandings, and judging skills. Then we cannot be sure; we can only hope or 
assume that the particular operations required of them do involve the abilities 
We are attempting to appraise. In the effort to obtain greater validity, you 


2 Available from Ns ee d Li T cnc 
Chicago, II), for $1 9 per copy Nedeliky. Commuter af Examines, Univemniy of Cinergy; 


Taxonomy of Educational Objectit 
ucational Objectives, Longmans, Green, N. Y., 1956, 
© Questions and Problems in Sctence, Test Item Folio 1, Educational Testing Service, 


Py r 
Princeton, N. J, 1958. The folio 1s quite exensive ($25) and deals with test stems for college 
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will search earnestly for opportunities in the classroom, in the laboratory, and 
after school when you can observe directly at least some of the characteristics 
you wish to evaluate, 

Reliability is the term used to describe the degree of consistency or re- 
peatability of a student's score on a particular test as a whole. That is, how 
accurately does it measure whatever it does measure? If the student were to 
repeat the test without any benefit from the first experience, would the second 
score be near the first? We would not expect it to be identical because children 
change from day to day and even hour to hour. Unless we are confident that 
the recorded score is close to what we would have obtained on a second or 
even a third trial, we cannot be secure about the significance of the score. 

Objective tests, because they include many samplings of the student's 
knowledge and skill, are more reliable than are essay tests, although the claim 
can be made that they are often less valid. Direct observation of pupil be- 
havior is just as important as tests in providing opportunities for valid and 
reliable evaluation. Self-evaluation and student participation in setting and 
appraising their behavior standards are also quite useful. 





Observation 


We hase suggested that both classroom and laboratory can provide many 
opportunities for evaluating, with high validity and reliability, the behavior 
of students. 

Some teachers may immediately begin to worry lest their observations be 
less reliable or more “subjective” than paper-and-pencil tests. This is of course 
possible, but it is not necessary. First, observations need not be biased. If all 
the pupils have equal and comparable opportunities to respond in the desired 
manner, there is a basis for fair evaluation. Also, the teacher aware of poten- 
tial bias will do all he can to reduce it. The clearer the statement of behavior 
sought, the clearer will be the evaluation, Anecdotal records should report 
the observed behasior and then separate interpretive comments. 

Day to day observations of children, "getting to know them," can pro- 
vide much information about their developing skills, attitudes, and behavior 
patterns. In addition to observation of the students in naturally arising situa- 
tions, the teacher can contrive situations to observe. 

In any case, some form of written record of reactions to various situations 
is desirable. Such notes could readily go into a student’s cumulative record 
file. A file card or a record sheet per pupil is probably adequate. Entries 
yeporting what the stademt did and the conditions ender which he reared 
this way will be more valuable than comments that his behavior was “good” 
or “bad.” At a later time, perhaps near graduation or when he is applying 


*A Jomt Commutee of the American Psychological Assocation, American Educational 
Research Association, and National Committee on Measurement Used in Education has pro- 
vided 2 more complex analvsis of validity and reliability, see “Technical Recommendauons 
for Paychologial Tests and Diagnowtic Techniques.” Psychologicol Bulletin, 51, 2. part 2, 
pp. 18-16, 23- 
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for a job, such records will be especially useful as they describe rhe strengths 
and weaknesses of the student. They will provide a basis for predicting how 
he will react under similar conditions in the future. Whether or not you use 
such records im preparing grades depends upon the grading policy of your 
school. But surely this information is useful to the students and their parents, 
to the guidance department, and above all, to you, the teacher. 

In addition to supplying information about the students which may be 
difficult to obtam from a test, direct observation can be used to appraise the 
validity of a test’ if there is a high correlation between the scores on a test 
designed to evaluate a characteristic and the direct observation of that char- 
acteristic, we are one step closer to knowing that our test is valid. 

Let us discuss briefly the various types of observation and the information 
we can obtain by their means. 

Observation of classroom participation. Students attend classes daily. 
Daily they participate in the class work or they should (see Chapter 7). 
When they do, the teacher can, and does, observe the quality of the students’ 
participation This, however, does not mean that the student recites in answer 
10 test items stated orally (the teacher's questions) and is rated on his responses. 
The net result of making the classroom a constant testing period often de- 
stroys the tendency of the students to participate; there is the constant presence 
of a threat. 

Several teachers we have observed use another method, to us a more 
useful one for evaluation and for stimulating discussion. Each day they note: 


1. Who participated in the class discussion. 
2 The general quality of the contribution. 


At the end of the week each is assigned a letter grade (A, B, C, D) for the 
week's discussion. At the end of the first month they have a pretty fair idea of 
who the leaders in discussion are, and the quality of their leadership. More 
than that, they know who has not contributed, these students then may be 
called upon in class (stimulated to contribute), interviewed to detect problems, 
and given advice and guidance. 

Observation of group work. Similarly, group work can be noted and rated. 
Each student in a group, whether it be a committee or project group, might 
then be given individually the group rating (i.e., if A is the rating, then each 
student receives an A) or each student can be rated on his performance within 
the group 


For further comments on the report, see Section V, Tools for the Science 
‘Teacher: The Report. 
Observation of homework. Students do homework, whether this be formal 
Or not. Sometimes, especially if problems have been assigned, the work 
is rated (0 to 10 or A to F). Then the homework grade is part of the final grade. 
K If homework is given, it must have some basis in the teacher's objectives: 
drill, concept fixing, concept stimulating, or creative action, When the 
teacher's intent is to elicit creativity, Le, design an experimental setup to test 
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a prediction, then grading would properly be based more on the process 
the student used than on the particular result obtained. The how is more 
important than the what. 

Observation through interview. All students should have a talk with their 
teacher. This is a guidance function and is not rated. It helps the teacher help 
the student by providing insight into the student's problems. A good talk 
with students will often shed light on difficulties and skills, as wel] as hopes 
and aspirations. 

Records of such observations (comments, aspirations, home environment, 
hobby interests, club work) may be kept in cumulative envelopes where 
pertinent records of the student are kept. When all teachers male such 
observations, a fairly useful picture of the student may be obtained. 

The cumulative record. From the time a student enters a school to the time 
of his leaving, a cumulative record might be hept; it is very valuable. In it are 
kept such items as: 


intelligence tests 

Kuder preference ratings 

Science Research Associates tests of Primary Mental Abilities 

records of extracurricular work 

records of interviews 

achievement test scores (e.g. Iowa Tests of Educational Development) 

school record 

essays such as: “What I'd Like to Be,” “My Future,” “The Subjects 1 
Like Most,” “The Subjects I Like Least,” “My Hobbies” 

complaints by teachers 

commendation by teachers 


A cumulative record such as this helps the teacher assess his students’ 
abilities; it enables the student to appraise his own growth; it enables a par- 
ent to scan the progress of a son or daughter; it is a base for guidance, diag- 
nosis, and recommendation. 


Testing 


“Subjective” and “objective” tests. A so-called objective test is actually 
one which is scored objectively and quickly- It necessitates just as much judg- 
ment (subjective) as an essay test, but the judgments are made in selecting and 
wording the items before the test is given, rather than in scoring afterwards. 
Bue this does not eliminate the need lor thoughtful sagacity and careful plan- 
ning. We have stressed the necessity of judgments in evaluation, because 
sometimes all of us would like to escape that responsibility. But this is part 
of the job of the teacher or any other expert. Who is better qualified than he 
to make the inevitable judgments? (In Chapter 20 we present some materials 
that we hope will assist somewhat in increasing your skill in this difficult 
operation.) E 
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Although most discussions on testing stress the use of objectively scored 
tests, the essay still has major uses in instruction and evaluation. Like an 
other devices, it has advantages and limitations. An essay question requires 
the student to create his answer. He must recall, select, organize, argue, and 
conclude without many clues. These are all operations we wish the students 
to do well. . 

Irrespective of the form in which a test item is cast, sometime between 
the inception of the nem and its final scoring certain difficult decisions must 
be made These include the particular word pattern with which the student 
15 faced. "These also include a decision as to what answers will be acceptable 
and to what degree. Too often essay questions are written quickly without 
consideration of their meaning to the students. Vagueness and ambiguity 
oblige the student to guess what is desired. Sometimes he guesses entirely 
wrong through little or no fault on his part. We hardly wish to score him for 
his ability to guess what the instructor wanted. To prevent this difficulty, 
essay questions should be worded carefully and checked in advance for mean- 
ing, perhaps casually during a class discussion. Perhaps the time allowance 
for each item can be given as well. 

Notice the clarity and point scoring of this essay question: 


Atomic energy has had its use during wartime. Now plans are being made for 
its use during peacetime. What are these uses? 


In your discussion be certain you develop the uses of atomic energy in indus- 
try, in medicine, and in agriculture (6 points). 

Also in your discussion be certain to include the dangers involved (2 points) 
and methods of overcoming these dangers (2 points). 


To the reader: The students will have had opportunity to discuss in class what 


point scoring means, e.g., one idea developed in a short paragraph for each 
point. ‘ 
Note that provision has been made for adequate scoring. This has been 


done by dividing the essay question into parts, specifying the score of each 
part and, in that way, indicating the extent of time to be spent in answering. 
Note, too, that the directions are specific for each part. Essay questions can be 
scored with some degree of reliability if provisions such as the above are 
made. If, however, the question were stated as below, adequate scoring would 
Not be so easy. Often a student, not knowing the particular answer sought, 


Will “write around” the question hoping that possibly some credit will be 
given. ` : 
.. Atomic energy has had its use during wartime. Now plans are being made for 
its use during peacetime What are these uses? (10 points ) 





‘The difficulties of scoring essay questions are well known! A single 


1 Sce, Dor example, Claude M. Fuess, The 


NEED ampt College Board ite Furst Fifty Years, Columbia 
1s Nos te EP “The Experiment in General Composition.” College Board Review, No. 





;íExhatd Pearson and Farle C. Eley, "Should iti 
Sinued" College Bozrd Review, No. 3, Winter 1933. OTH Composition Test Be Cor 
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reader may change his standards between the first and last paper read. "The 
story of one competent examiner unwittingly giving a failing grade to the 
“model answer” prepared by another competent examiner may be apocryphal, 
but it contains much truth. To reduce this variance between papers and 
readers, a “standard answer,” or outline of such an answer, can be prepared 
in advance as 2 continuing criterion. This will somewhat reduce the unrelia- 
bility of scoring. It constitutes the first step toward the creation of objectively 
scored essay test items. 

For years the College Entrance Examination Board and the Educational 
‘Vesting Service have been investigating the sources of unreliability in scoring 
essays. As might be expected, they found that different readers assigned greater 
weights to different aspects of the essay. For English essays they isolated five 
major components: Mechanics, Style, Organization, Reasoning, and Content. 
When the readers scored essays on each of these subdivisions, somewhat 
greater reliability of scoring resulted. In addition, such subscores provide a 
profile of the student's abilities. 

Irrespective of the potential values of essay questions and the devices 
that increase their reliability of scoring, their writing and especially their 
reading takes 2 long time. Within the testing time available, only a few essay 
questions can be answered. As a consequence we can sample only a small 
range of the student's knowledge and concepts. Probably each teacher recalls 
some instance when he did well on an essay test because he happened to be 
well informed on the particular questions asked, but realized that he would 
have scored much lower on other equally likely questions. 

Conscientious reading and scoring of each paper, with the addition of 
marginal notes to help the student, will probably take a teacher from one- 
fourth to one-third of the time it took the student to write it. A one-hour 
essay examination of 150 students may require from 40 to 50 hours of reading. 
‘This is a sizable amount of time which teachers do not often have available, 
especially when grades [rom final examinations are to be reported quickly. 
For these reasons the quick-scoring or objective-scoring form of test has be- 
come popular, 

We are all familiar with the inherent difficulties of objectively scoring 
essays and essay questions in tests. After describing one means of examin- 
ing essays, Dyer made the following comments (italics ours): * 


The foregoing procedure is scarcely as clezn«ut and precise as applying a 
yardstick. It depends heavily on persona! judgments- judgment with respect to the 
questions that shall go into the test and judgments with respect to the merit of 
the essays, The fact that subjective judgment is a large element in the process is, 
however, nothing against it. Indeed, any attempt to minimize the effect of judg- 
ment in a process of this kind will by so much minimize the meaning of the 
results, for that which we call achievement is, in the Last analysis, only somebody's 
judgment of what somebody else does. We fool ourselves, and our students, when 
‘we suppose that by resorting to “objective” tests we are obtaining a measure of 





* Menry S. Dyer, General Education in Science, ed. by 1. B Cohen and F. G. Watton, 
Harvard U. Fres, Cambridge, 1952, p. 200. 
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performance that is objective in the sense of being independent of human judg 

ment itis healthier to realize that the problem is nol to eliminate judgment from 

the process, but to keep the yudgments we make relevant to ous purposes. 

By implication we have indicated some of the advantages and disadvan- 
tages of objective tests. Because they contain many items, they oblige the stu- 
dent to respond to a wide variety of problems. We get a better sample of what 
the student can do, Because they often require the selection of a specific 
“best answer” from among others, they are readily and accurately scored. 

Critics of objective questions properly point out that often they do not 
put a premium on creative work by the student, Yet often such criticisms 
are illustrated by only the simplest forms of objective items. These items can 
be written in such a manner that considerable knowledge must be recalled 
and careful judgments made, even arithmetical operations performed, before 
an answer can be selected. Consider this item: 


Tt is a Massachusetts State requirement that an automobile be capable of being 
stopped within a distance of 25 feet when moving with a velocity of 20 mites per 
hour (about 30 feet per second) Use Galileo's equations to show that the required 
average acceleration in feet per second is: (1)18 (2)9.0 (3)4.5 (4)1.2. 
The student is obliged to recall Galileo's equation, Zad = v*, or to derive it 
fram the other two, to substitute the numbers properly and derive an ap- 
proximate answer, and then choose the best answer offered. For the particular 
class to which this item was given, it was moderately difficult and highly 
discriminating between those with top scores and bottom scores on the entire 
test. 

‘The item could have been made more difficult by obliging the student to 
recall the numerical value of acceleration (g) and express his answer in terms 
of g: 


(594g yog (3))48 (0) o8- 


It could also have been modified so that the student indicated which of 
various equations would be used to get an answer: 


(1v - at (2)2ad = v8 (3)d = Yat? (4)d = vt, 





A great advantage of objective tests, often overlooked by teachers, is the 
opportunity to insert various forms of erroneous answers which will reveal the 
errors in knowledge and reaction of the students. Some items of this type are 
presented when we consider diagnosis (p. 404). 

Objective items and reading skills. The form of items used in the central, 
and most discriminating, section® of the tests of the Nation wide Science 
‘Talent Search involves a fairly long statement followed by four to six test items 
of increasing difficulty. Some teachers object that this form of presentation, 
used in other tests as well, is actually a reading test, Must we conclude that in 





p = E C Wiron “Analysis of a Science Talent Search Examination,” The Science Teacher, 


39» 5 DETERMINING THE SUCCESS OF SCIENCE TEACHING 


science one is not supposed to know how to read? We doubt this. Certainly 
one of the major skills of the scientist is Knowing what and how to read. 
Reading in science involves standards different from those of literature; evi- 
dence is clearly stated and the limited conclusions drawn must be justified by 
the material presented.!? Therefore such test items seem most appropriate in a 
science test. The technique and care involved in preparing them are described 
briefly in the next chapter. 


Evaluation for achievement 


Achievement can be appraised through any operation in which the reac- 
tions of rhe students can be noted and judged; this includes teacher-made and 
so-called standardized tests. Both are useful and both are used in many school 
systems. The type of achievement and the level of difficulty in a teacher-made 
test can be set to match the local intents and students. But some basis of com- 
parison with other schools and students, as provided by the published tests, 
is also useful. 

Tests made locally are commonly used to evaluate achievement in the 
learning of certain information and applications. 1f the material or skills 
ate considered to be very important, the test may be one on which the teacher 
expects every student to achieve perfection. This type of test reveals those wha 
are not up to some standard of expectation. Of course, the standards must 
be set realistically in terms of the particular students. Science-shy and science- 
prone groups will require quite different tests. Basically these provide the 
student with an inventory of his accomplishments, 

Other tests are used to determine general achievement. Ordinarily, no 
student. will have a perfect paper; otherwise we have not found how he 
would react to even more difficult questions. This second test pattern has a 
higher ceiling of difficulty and should distribute the students’ scores over a 
sizable range. For practical purposes of morale a few easy items, many about 
average, and a few very difficult ones should be chosen. Generally the average 
score for a class would be between 60 and 70, out of a possible 100, on such a 
test. In Ghapter 20 we consider the preparation of such tests. 

Standardized achievement tests are made for wide usage in schools with 
varied curriculums. Therefore, the selection of standardized achiesement tests 
should be done thoughtfully. These tests generally are highly reliable (more 
sa than perhaps a teacher-made test can be}, but they may ar may not be 

valid for your purposes (as your own test is likely to be). You can determine 
this fairly well if you have behavioral objectives which can be compared to 
the operations required by the test items. Information about the reliability 
of the test is normally supplied with a sample copy from the publisher. In 
zddition, attention must be given to the basis on which the test was stand- 





19 Such skills do not come automatically to the student; they must be taught. The science 
teacher is neocmarily a teaches of reading in science. 
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ardized: how many children were tested, in what schools or states they 
were tested, and, especially, when this was done. AS the amount of science 
increases in the school program, test norms established some years ago will no 
longer be applicable, everyone will have classes "better than average." Many 
of the achievement tests m science were made some years ago and may not use 
material appropriate for your classes. Considerable information and critical 
comments about available tests can be found in The Fourth Mental Measure: 
ment Yearbook and in reviews in journals such as The Science Teacher. 


"Cheap" and "expensive" recall 


Belore the day of the objective test, there was the day of the stern tash- 
master. Each day there was the recitation with the students confident or quak- 
ing as they were called upon to recite. Do you remember? 


Jones, what is mitosis? 
Brown, define electromotive force, 
White, name the simple machines. 


Smith, go to the board and write the equation for the preparation of 
bromine. 


"The student was asked to reproduce, recall, or remember what he had 
"learned" before he entered the class. Many times he was asked to recall 
what had been specifically assigned; the emphasis was generally on memory, 
while reasoning, critical thinking, the ability to see relationships were not 
stressed. This was the “cheapest” type of recall, Either one recalled or one 
didn't; those who did it best were most successful, they received the highest 
grades. 

Nowadays, such recitation is generally replaced by the quiz, short or lang. 


Quiz items which stress “cheap” or "expensive" recall follow a pattern some: 
what like these: 


1, True-false. In this type of item, the student indicates by T or F whether 
the statement is true or false. Thus: 





"The greater the amplitude of a sound wave, the louder the sound. 


2. Modified true false. The item above can be made more “expensive” 10 
recall by adding these instructions: 


‘The following items are either true or false. If the statement is true, mark T 


in the appropriate place; if false, replace the underlined word with a word which 
makes the statement true. 


‘The greater the amplitude of a sound wave, the louder the sound. 





. It seems clear that greater thought needs to be brought to bear to answer 
item 2 than item 1. We say that item 2 is more "expensive," because greater 


1 Edi á 
ia fae by O. K. Buros, Rutgers U, Press, New Brunswick, N. J., 1953, fifth yearbook 
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time and energy is spent in thought, to get similar credit. Furthermore, it 
affords less opportunity for guessing. 

From a study of these two examples we derive an essential difference 
between "cheap" and "expensive" recall. Recall is made more expensive as 
the amount of energy or time spent in thought is increased. This can be done 
by increasing the number of things 2 student must remember, and the num- 
ber of manipulations a student must perform before he gets the "right" 
answer, 

Notice how more thought and judgment is progressively required in this 
series of multiplechoice items: 








1. The substance in red blood cells that picks up oxygen in the lungs is: 
(a) chlorophyll (b) hemoglobin (c) sodium carbonate (d) water. 

2. "The substance in red blood cells that picks up oxygen in the lungs is: 
(a) chlorophyll (b) hemophyll (c) chloroglobin (d) hemoglobin. 

3. Match the terms in column A with their appropriate meaning or definition 
in column B Place the letter of the correct answer in the space provided. 


A B 

a. hemoglobin 47. a red substance used in respiration = —___ 

b. nitrogen 48. a green substance used in photo- 

€. cellulose synthesis. -—À 

d. oxygen 49. a gas carried to cells by hemo 

e. carbon dioxide globin —À 

f. chlorophyll 50. a gas used in food making in pho- 
tosynthesis > 


Item I is clearly cheap recall; the distracters (wrong answers) are quite 
obviously wrong. Item 2 involves slightly more expensive recall; the student is 
forced to make a sharp judgment between terms very much alike. Knowing 
halt of the right word is no help! And in item 3, more answers are supplied 
than are required; this tends to reduce guessing, and eliminates the possibility 
of a “free” fourth answer, once the first three are known, 

"There are many more kinds of recall items, of the socalled formal ob. 
jective type, which may be used. For instance, a diagram may be inserted for 
labeling. structures may be required to be drawn in place (e.g, wires in a 
parallel or series circuit), but essentially they al] require recall of facts. 

Many collections of items testing recall which the reader may obtain, 
some for the asking, are cited in Chapter 20, which is essentially an expanded 
"Excursion" for this chapter. 

Notice that we have made no comment about the validity of these sample 
items. A test item is valid or not for a particular purpose. Unless this is stated, 
we can make no judgment. Item 1 just stated here indicates, with some degree 
of validity, whether the student knows what the red stuff in blood is called. 
It does not determine whether he understands respiration and circulation; 
indeed, it almost tells him about them. It docs not reveal his attitudes towards 
physiology, bis ability to handle problems of health, or his ability in concept 
attainment, If we wish to evaluate these latter aspects of his learning, we must 
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use other, and. probably different, types of test items; this one obviously is 
not valid for these purposes. 


More than recall—skills 


We teach for more than recall of facts; in science, we are determined that 
youngsters gain certain skills. We should be disturbed if a youngster went 
through biology without learning how to use a microscope, chemistry without 
learning how to handle a burner or a test tube, physics without learning how 
to connect wires in series. Science has its practical side—its sills as well as its 
Knowledges. 

No doubt the reader has given the hinds of tests itemized below. These 
have high face validity (they measure directly) and generally high reliability. 





1, In physical science. Suidents have been studying a unit on the nature 
of the earth. They have been identifying rocks. When they feel certain they 
can identify them, they are given a “practical” examination, The rocks are 
placed before them and they are asked to name them (with proper precau- 
tions to avoid collaboration). 

2. In biology. Students have been studying mitosis in onion root. During 
a laboratory exercise, the teacher comes to cach with a demonstration ocular 
(an ocular with a pointer); he inserts it into the student's microscope, points 
it at that part of the field that he then asks the student to identily. 

5. In general science. Students have been studying circuits; they have seen 
them demonstrated, The teacher then gives them materials (bulb, insulated 
wire leads, plug; the students bring their own screw drivers). Each student is 
supposed to wire the lamp so that it lights when inserted into a socket, 

4. In chemistry, Students have finished studying the halogens, They are 
given “unknown” solutions, salts of bromine, chlorine, and iodine, (One un- 
known contains only distilled water.) They are asked to identify the unknowns 
using replacement tests. 


5. In physics. Students are asked to determine the density of a block of 
material using Archimedes’ principle. 


These items are not only valid, but they are reliable and interesting as 
well. Two major classroom problems, however, are those of maintaining 
security between classes and of presenting collaboration. This can be done 
in various ways depending on the situation. For instance, in identifying a 
series of specimens, students might move at a gisen signal from numbered 
specimen to numbered specimen. Or different specimens might be used for 
different pupils With paper-and-pencil tests, alternate forms can be used. 

Some teachers will wonder whether the identification of rocks or organs is a 
skill, whether it is not mainly another form òf recall. Certainly recall is in- 
volved, but more than recall is required. It is a skill because it involves prac- 
tice (handling of rocks, etc). Probably a skill imvolves "doing" as well as 
“thinking.” Possibly the following might more aptly test skills. 
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I. Given a blue copper sulfate solution, students are asked to deliver to 
the instructor I cc of pure, clear water prepared from it. (Students must set 
up 2 simple distilling apparatus: a test tube and delivery tube for heating the 
solution, another test tube immersed iu cold water to catch the water.) 

2. Students are asked to dissect out the brain of a preserved frog. 

5. Given an unknown concentration of HCI (dilute), students are asked 
to determine its strength. using 0.1N. NaOH. (Alternate students are given 
different concentrations of HCL) 

4. Given a graph of the quantity of a catalyst against the rate of a reac- 
tion, students are asked to extrapolate the curve to a given point. (Extrapola- 
tion and interpolation are important skills.) 


A scoring scale for use with such tests can be tried out before being made 
final. Or perhaps the students would assist in assigning values to the various 
operations. Possibly in item 3, an error of 209; might be scored as 75 points 
or a grade of C, 107, error as 85 or B, 57, ertor as 95 or A, and 277, error or 
Jess as 100 or A+. Each instructor will choose his own scale of grades for practi- 
cal tests depending upon the abilities of his students. In any event, it is our 
experience that students prefer to be graded on tests of more than their ability 
to recall, (Note: these tests can also be used for diagnostic purposes, p. 404.) 





More than recall and skills—reasoning 


"Testing for recall and skills is not enough. You can also test youngsters 
for their ability to reason, to reflect, and to draw defensible conclusions. Of 
course, if you plan to test for these abilitics, you will handle your class in 
such a manner that the students practice these operations frequently and know 
that they are important to jou. You will teach differently if you expect 
youngsters to use the facts they learn for building concepts and conceptual 
schemes (see Chapter 6). 

Some examples of test items that emphasize reflection and thought appear 
below. Scores on tests consisting of items like these correlate strongly with 
IQ. scores, but interesting differences may occur with. individual students. 
Note this progression in demand upon the student: 7? 

1. A body that emits ute own light is called a body. 

2 The focal length of a lens is the distance between the center of the Jens 
and the — 

3. To produce an enlarged virtual image with 2 convex lens, the object dis- 
tance should be (I) less than If (2) between tf and 2f ($) greater than 2f. 


4. ‘The lamp in a paraiel ray projeue should bt inches from whe tem 
where the fatter has a focal length of 8 inches. 








‘The validity of such reasoning items may always be questioned. How- 
ever, a simple procedure may help convince the skeptic of the nature ol the 
Teasoning involved. Let us examine what the student must do in responding 
to eath of the four items: 





1r Taken from various examinations in phiyucs, Board of Rezenti, New York Sune. 
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|. Remember a term (radiant or luminous) defined by the conditions 
given. If he does not remember the term, there are few clues or associations 
(concepts) through which he can search for a satisfactory answer. This is 
cheap recall. R 

2. Remember a term (foca! point). This may be associated with demon- 
strations, laboratory woth, or diagrams with which the student is familiar. 
The itern requires a definition (of focal length), but it can be associated with 
observable phenomena which may provide clues to assist recall. This is more 
expensive recall. : à 

3 Recall the meaning of “virtual image," "convex lens" "object dis- 
tance," "If" etc. (The relationship between these components is needed. It 
may be recalled directly. If not, it may be reconstructed on the basis of experi- 
ence (laboratory, demonstration). The response requires the recognition of 
which among three general positions or classes of location is appropriate. 
Still more expensive. 

4. Recall the meaning of “parallel ray projector” and “focal length” and 
the specific (numerical) relation between the focal length in inches and the 
positions which produce parallel rays. If recalled, general properties of lens 


systems can be used to solve the problem. A specific numerical answer is 
required. 





‘These four items illustrate a progression from cheap recall, to expensive 
recall, to recognition of a relationship, and to the exact statement and use of a 
relationship. The last two items test not only recalled knowledge but reason- 
ing as well. However, the reasoning depends, as reasoning always does, upon 
prior knowledge and experience, A student who has not studied the material 
or had experience with it is not likely to exhibit the proper response. 


Evaluation for diagnosis 


To know that a student has or has not attained certain knowledge and 
skills is interesting, but in order to help the students we need to know specifie 
cally where each student “went wrong,” what blocks to learning are acting in 
each pupil. For this we need, in addition to the daily test of class behavior 
and observation, diagnostic tests. "They provide information about all the 
students in the class, including the quiet ones who are too often underesti- 
mated or overestimated because of a lack of knowledge abont them. Unfortu- 
nately we are not aware of any tests in science that can be purchased for 
such diagnostic use. General tests Jike the Primary Mental Abilities Test are 
helpful, but are not specific to the materials and operations of science. "There is, 
however, a considerable literature about such tests which would serve as 
illustrations to an interested teacher, 

One point must be stressed. early: for each attribute to be described, 
several, usually five or more, items will be required. The desired response to 
only a single item might be guessed correctly or failed through the action of a 
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particular distracter. The score on a block of items involving the same opera- 
tion has some trustworthiness and can be totaled for each student, Then you 
have some measure of the behavior of each child on this particular operation. 
Such subtests can provide a profile of the strengths and weaknesses of each 
pupil. Since it is the pupils whom we hope to assist, they should be informed 
of their profiles and encouraged to work deliberately on their greatest weak- 
nesses. Such tests are not likely to be desired as a basis for assigning grades, but 
they will be of great value to the teacher as he plans and runs his class, This 
type of test can also be useful for predictive purposes (see below). 

One major attempt to develop test items aimed at evaluating the way of 
the scientist and the use of the skills of the scientist was made in the Eight- 
Year Study. The third volume of the report of that study presents in detail 
the rationale and nature of the tests: 15 


BASIC ASSUMPTIONS 

In the first place, it was assumed that education is a process which seeks to 
change the behavior patterns of human beings. It is obvious that we expect stu- 
dents to change in some respects as they go through an educational program. An 
educated man is different from one who has no education, and presumably this 
difference is due to the educational experience. It is also generally recognized that 
these changes brought about by education are modifications in the ways in which 
the educated man reacts, that is, changes in his ways of behaving Generally, as a 
result of education we expect students to recall and to use ideas which they did 
not have before, to develop various skills, as in reading and ing, which they 
did not previously possess, to improve their ways of thinking, to modify their 
reactions to esthetic experiences as in the arts, and so on. lt scems sale to say, on 
the basis of our present conception of learning, that education, when it is effec: 
tive, changes the behavior patterns of human beings 

A second basic assumption [was that] the hinds of changes in behavior pat- 
terns in human beings which the school seeks to bring about are its educational 
objectives, The fundamental purpose of an education is to effect changes in the 
behavior of the student, that is, in the way he thinks, and feels, and acts. The aims 
of any educational program cannot well be stated in terms of the content of the 
program or in terms of the methods and procedures followed by the teachers, for 
these are only means to other ends. Basically, the goals of education represent 
these changes in human beings which we hope to bring about through education, 
The kinds of ideas which we expect students to get and to use, the kinds of skills 
which we hope they will develop, the techniques of thinking which we hope they 
will acquire, the ways in which we hope they will Iearn to react to esthetic ex- 
periences—these are illustrations of educational objectives. 

A third basic assumption [was that] an educational program is appraised by 
finding out how far the objectives of the program are actually being realized. Since 
the program seeks ta bring about certain changes in the behavior of students, and 
since these are the fundamental educational objectses, then it follows that an 
evaluation of the educational program is a process for finding out to what degree 
these changes in the students are actually taking place. 

"The fourth basic assumption was that human behavior is ordinarily so com- 
plex that it cannot be adequately described or measured by a single term or a 








18 By permission from Appraising and Recording Student Progress, by Fugene R. Smith, 
Ralph W. Tyler, and the Evaluation Staff, Vol. 3 of Progresive Fducation Anocation. Adven- 
ture sn Amencan Fducation, pp. I-14. Copytight, 1912, McGraw-Hill Book Company, Inc, 
N.Y. 
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curricula and, as far as possible, of a nonrestrictive nature. That is, major attention 
was given to appraisal devices appropriate to a wide range of curriculum content 
and to varied organizations of courses. Much less effort was devoted to the develop- 
ment of subject matter tests, since these assumed certain common informational 
material in the curriculum. 

The eighth basic assumption was that the responsibility for evaluating the 
school program belonged to the staff and clientele of the school. 


These basic assumptions show that one of the primary objectives of the 


Eight Year Study was to determine the extent to which students could reason. 
Three aspects of clear or critical thinking selected for emphasis were: 


1, Ability to interpret data. 
2. Ability to apply principles of science, 
3. Understanding the nature of proof. 


We shall give examples of each of these in turn. While all of these might be 
included within a single rubric like “reflective thinking,” for clarity of ap- 
praisal and diagnosis this clean cut separation is desirable (see, for example, the 
definitions of Burke, p. 103). 


Ability to interpret data 


The test on Interpretation of Data (Test 2.52) from which the following 
example ** is taken contained ten such items based on different subject areas, 

On this item students are directed to place the suitable number (1, 2, 3, 4 
or 5) identifying their judgments opposite the number of the statement, or 
to blacken an appropriate place on a score sheet. 


These data alone: 

(I) are sufficient to make the statement true. 

(2) are sufficient to indicate that the statement is probably true. 

(3) are not sufficient to indicate whether there is any degree of truth or falsity 
in the statement. 

(4) are sufficient to indicate that the statement is probably false. 

(5) are sufficient to make the statement false. 


volume of farm production 


farm population of emptoyable aga 


to the year 1900 





number of form workers employed 
rg 1905  !9!0 1915 nm t925 


Problem 1: 


This chart shows production, population, and employment on farms in the 
United States for each fifth y car betwcen 1900 and 1925. 





14 Eugene R. Smith, Ralph W, Tler, and the Evaluation Staff, op. cit, pp. 52 53. 
zn P PP. 
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Statements" p 

1 The ratio of agricultural production to the number of farm workers in- 
creased every five years between 1900 and 1925. 

2. The increase in agricultural production between 1910 and 1925 was due 
to more widespread use of farm machinery. j . 

3 The average number of farm workers employed during the period 1920 
to 1925 was higher than during the period 1915 to 1920. 

4 The government should gie relief to farm workers who are unemployed. 

5. Between 1900 and 1925, the amount of fruit produced on farms in the 
United States increased about fifty per cent. 

6. During the enüre period between 1905 and 1925, there was an excess 
of farm population of employable age over the number of people needed to 
operate farms. 

7. Wages paid farm workers in 1925 were low because there were more 
laborers than could be employed. 

8. More workers were employed on farms in 1925 than in 1900. 

9. Since 1900, there has been an increase in production per worker in manu 
facturing simular to the increase in agriculture. 

10. Between 1900 and 1925, the volume of farm production increased over 
fifty per cent, 

11. Farmers increased. production after 1910 in order to take advantage of 
rapidly rising prices. 

12. ‘The average amount of farm production was higher in the period 1925 
to 1930 than in the period 1920 to 1925. 

13 Between 1900 and 1925, thete was an increase in the farm population of 
employable age in the Middle West, the largest farming area in the United States- 

14. Farm population of employable age was lower in 1930 than in 1900. 


15. The production of wheat, the largest agricultural crop in the United 
States, was as great in 1915 as in 1925. 


‘This block of test items can provide considerable information about the 


abihty of the student to operate effectively in science. Smith and Tyler report 
that: 


These interpretations involve the following types of behaviors: comparison of 
points of data, recognition and comparison of trends, judgments of cause, effect, 
purpose, value, analogy, extrapolation, interpolation, and sampling 

The types of relationship invohed in the interpretations which the students 
are asked to judge were distributed among the fire response categories [About ten 
per cent wert true, about twenty per cent were probably true, about forty per cent 
‘were supported by insufficient data, about twenty per cent were probably false, 
and about ten per cent were false.} Within each test exercise the interpretations 


were arranged in random order. 

Pupil responses to items of this form were scored in terms of: general 
accuracy, caution, beyond data, and crude errors The scoring key, devised with 
the assistance of a jury, is shown in Table 19-2. 

General accuracy means agreement between the student's response and 
the judgments of the jury. For a number of items of this type, the total 
Tesponses are counted in cells a, g, m, s, and y. This number is then expressed 
as a percentage of the total number of possible correct responses, 


48 Op. cit, pp, 48-50, 
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TABLE 19-2. How scores are derived * 

















Jury key 
Probably Insufficient Probably 
True true data false False 
Student True f accurate ; beyond bevond i crude aude 
response } datz data error error 
| a Pob c | d e 
t i 
i i : 5 F 
Probably |. caution [ tne | beyond crude aude 
true i ata error error 
p f j h i QJ 
L i | 
1 
Insufficient | caution | caution ; acturate | caution | caution 
data 
k 1 m n o 
| i 





TABLE 19-3 Sample data sheet * 
Seven students from a grovp of 69; oll scores ore percentages. 














AOGORACY 
Insuf- 

General Probably fient True- Beyond Crude 

Student accuracy T or F data Folse Omit Caution data errors 
ney » 20 3 s2 9 5 to 5 
Jostra z 66 e 2 o 29 5 7 
nux 63 65 5 L3 o i E u 
Howe 5t 18 a E o E 2 10 
ANDEEW 7i 4 a E o 6 s s 
crORGE 47 n 0 5 o 4t 33 8 
ru 5; 46 5s 2 o 2 s " 
COUT MEAN 5o 42 45 60 1 = 43 n 


or mur 69 








* Bv permission from Ap?rsising and Recording Student Prorress, by Eugene R. Smith, Ralph 
W. Tyler, and the Evaluztion $a, pp. 54, 57. Copyright, 1912 McGraw Hill Book Company, 
toc N.Y. 
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Discrimination on probably true and probably false items is found by 
counting the responses in cells g and s and comparing these with the total of 
desired responses in these categories. Agreement on insufficient data appears 
from the number of responses in cell m compared to the total correct in that 
category, Similarly, the agreement with true and false conclusions is found 
by counting the responses in cells a and y, respectively, and comparing to the 
number correct in those cells. 

Similarly going beyond the data (overgeneralizing or being too optimis- 
tic) is shown by a count of responses in cells b, c, h, t, w, x. Caution is ap- 
praised by a count of responses in cells f, k, L, n, o, t. Crude errors are also 
counted and omissions noted for each student. 

How tests such as these can be used to provide a profile of the operating 
attributes of students is illustrated in Table 193. 

Now we have available evidence to support what we probably observed 
im class. Peggy is very low in general accuracy; she made many crude errors, 
and was “gullible” by frequently going beyond the data. She needs help in 
making fine distinctions and not acting as though every alternate was either 
"right" or "wrong" Homer is well-informed (few crude errors) but is sery 
cautious, He does not go beyond the data often, but tends to respond that the 
data are insufficient for any conclusion. He too can be helped. George has a 
similar profile. Andrew is a promising boy who goes beyond the data some: 
times, but less than the average of the group. 

Information such as this (always, of course, from more than one test 
item) can greatly help a teacher see the individual characteristics of his pupils 
and work with each on his weaknesses. The students also should have a 
report on their characteristics, because teacher and student are working to- 
gether consciously to bring about changed behavior. A similar test given at the 
end of the year will show what success has been attained. Also, other teachers 
having these same children later can see the records and be alerted to the 
particular limitations affecting each student. 


"There are many examples of this type both in the volume by Smith and 
‘Tyler and elsewhere.i* 





Ability to apply principles 
In this test! the correct responses are included in brackets, 
diim rop wei een e e constructed for the areas of 
shewbatry (fore 1 5), 2), gy (Form 1.83), and general 


* A junior high school test, Form 13) i 
plex dor high school text, Form 13), which uses a somenhat dhfferent and les com 





16 National Society for the Study of Edi ^ 
urement of Understanding, U ot Chego Pres Choca giis OOM Part 1, The Mear 
L E. Raths, ° Genera! atic 


University 19 85, Gaugiat Education an Science," Educational Research Bulletin, Obio State 
1 Eugene R. Smut, Ralph W, Tyler, and the Evaluation Stal, op, cit, pp. 91-93. 
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A sample problem taken from Form 1.32 is given with the directions and key, 
PROBLEM 


‘The water supply for a certain big city is obtained from a large lake, and 
sewage is disposed of in a river flowing from the lake. This river at one time flowed 
into the lake, but during the glacial period its direction of flow was reversed. 
Occasionally, during heavy rains in the spring, water from the river backs up into 
the lake. What should be done to safeguard effectively and economically the health 
of the people living in this city? 


Directions: Choose the conclusion which you believe ıs most consistent with the 
facis given above and most reasonable in the light of whatever knowledge you may 
have, and mark the appropriate space on the Answer Sheet. 


CONCLUSIONS 
[V] A. During the spring season the amount of chemicals used in purifying 
the water should be increased. [Supported by 3, 7, 10, 12] 1s 

B. À permanent system of treating the sewage before it is dumped into the 
river should be provided. [Consistent with 5, 8, 12] 

C. During the spring season water should be taken from the lake at a point 
some distance from the origin of the river. {Consistent with 12, 14] 


Directions: Choose the reasons you would use to explain or support your con 
clustan and fill in the appropriate spaces on your Answer Sheet. Be sure that 
your marks are in one column only—the same column 1n which you marked the 
conclusion. 


REASONS 

{False analogy} 1. In the light of the fact that bacteria cannot survive in 
salted meat, we may say that they cannot survive in chlori- 
nated water. 

[Irrelevant] 2. Many bacteria in sewage are not harmful to man. 

[Right principle) 3. Chlorination of water is one of the least expensive 
methods of elaminating harmful bacteria from a water 
supply. 

[Ridicule] 4. An enlightened individual would know that the best 
way to kill bacteria is to use chlorine. 

[Wrong, 5. A sewage treatment system is cheaper than the use of 

supporting B] chlorine. 

[Authority] 6. Bacteriologtsts say that bacteria can be best controlled 
with chlorine. 

[Right] 7. As the number of microorganisms increases in a given 
amount of water, the quantity of chlorine necessary to kill 
the organisms must be imcreased. 

(Wrong, 8. A sewage treatment system is the only means known 

supporting B] by which water can be made absolutely safe. 

{Avsatmng 9. By increasing tne amount of chlorine in the water 

conclusion] supply, the health of the people in this city will be protected. 

[Right] 10, Harmful bacteria in water are killed when a small 
amount of chlorine 1s placed in the water. 

[Teleology] 1l. When bacteria come in contact with chlorine, they 
move out of the chlorinated area in order to survive. 

(Right, 12. Untreated sewage contains vast numbers of bacteria, 


—__®Pponting ABC) many of which may cause disease in man. 


** Answer to another part of the test; see below. 
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[Irrelevant] 2 The liquid which is absorbed most readily by the 
skin is the most effective in softening the hands. 


By 3. To be absorbed hy the skin, a hand lotion need not 
through the shin. 

[Irrelevant] PH Hand lotions are of doubtful value. 

(^ C] 5. The faster a liquid drips through filter paper, the 
faster it will be absorbed by the human skin. 

[^ CJ 6. The pores of the skin are quite similar to the litle 
holes between the fibers of filter paper. 

(Al 7. Since each bottle was given a thorough shaking, the 


results for each Jouon were typical of the performance of 
the lotion in that bottle. 


[B] 8. The “pores” in filter paper are constructed quite dif- 
ferently from the “pores” in the human skin. 

[Irrelevant] 9. The experiment was probably intended to make sales 
for some cosmetics manufacturer. 

(Bl 10. Although drops of a liquid appeared in the water 


glass, certain ingredients of the first lotion may have been 
retained by the filter paper. 


[irrelevant] Jl. The speed with which a lonon drips through filter 
paper is no indication of ats effectiveness in softening the 
skin, 

[B] J2 Water will penetrate filter paper but is not absorbed 
by the skin. 

[Irrelevant] 13. The obvious way to test the five lotions is to ery them 
on the hands of a large group of people. 

{A} 14 The amounts of lotion placed on each piece of filter 


paper were very nearly the same. 


YI. Directions: Select from the statements already marked under A (the sup. 
porting statements) those which you would challenge because you are not con 
winced they are true enough to be used in supporting the underlined conclusion, 
Blacken the space under C opposite the number of each such statement. 

UL. Directions: Conclusions A, B, and C are stated below. Choose the one 
which seems to you to be most consistent with your analysis of the situation de- 
scribed in the problem. In the block at the top of the anneer sheet, blacken the 
space A, B, or C to indicate the concluson which you choose, 


CONCLUSIONS 
[V] A. This experiment does not help in deciding which one of the hand lotions 
would be most readily absorbed by the skin. 

B. The experiment suggests that the first brand of hand lotion is absorbed 
by the skin more readily than any of the others, bur the experiment would 
have to be repeated several times. 

C. The experiment shows that the first brand of band lotion is absorbed 
‘vy the skin more readily than any of the others. 

IV. Directions: Hand lotions are commonly used to replace the oils in the 
outer layers of the skin which are lost through excesswe exposure, washing, and 
other causes. Hence, st may be less important to study the extent to which a 
lotion penetrates the layers of the skin than to study its effect upon the surface 
of the skin. The statements presented below describe some actraties which hare 
been suggested to study ihe efectreness of a hand lotion sn keeping the skin soft 
an the absence of an adeguate supply of natural skin ods. Select all statements thet 
describe actrcities which you think would Aelp in studying this efect of a hand 
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lotion upon the skin. Blacken the space under A opposite the number of each 
such statement In this part of the test, your decision about a statement should 
not be influenced by whether you believe the activity described could actually be 
carried out. 


STATEMENTS FOR 1V AND V: 


{A B] 15. Secure a description of the structure of the human 
skin. 

fIrrelevant] 16. Find out the names of the companies which manu. 
facture each of the brands of hand lotion used in the ex- 
periment, 

(A] 17. Make a precise laboratory analysis of each of several 


brands of hand lotion to find out the amounts and proper- 
hues of its principal ingredients, such as vegetable oils, 


water, etc. 

[Irrelevant] 18 Repeat the experiment several times with the same 
five lotions and under exactly the same conditions 

[A Bl 19. Set up an experiment in which ten boys and ten girls 


apply a hand lotion to one hand and no hand lotion to the 
other hand once each day for a month, and compare the 


results. 

[Irrelevant] 20. Send out a questionnaire to a large number of users 
of hand lotion to find out which brand 15 most popular. 

(^ B] 21, Use hand lotions regularly on several parts of the 
body and compare the results 

(A) 22, Set up an experiment to compare the natural skin 
oils to the oils contained in hand lotions, 

{irrelevant} 23. Compare the absorbing power of filter paper and 
human skin. 

[^ B] 24 Look for published information about some of the 
good and bad effects of using different brands of hand 
lotion, 


V. Directtons: Select from the statements already marked under A only 
things which you think you or your class in high school could actually carry out. 
Blacken the space under B opposite the number of each such statement. 


A brief look at the “practical” side 


‘The test items we have presented above are exceedingly interesting. They 
demand thought or reasoning or judgments or reflective thinking—whatever 
you wish to call it, But tests of this type on the analysis of data, application of 
principles of science, or the nature of proof are not widely used. 

Most of the tests available for purchase or made by teachers have as 
their primary purpose the testing of recall or application of principles in care- 
folly seested problems. Essentially the testing pattern in science deals with 
zs E cum eS 
recall mowledge of principles, and application of principles within a re- 

e Some ot the major reasons put forward for not using tests on interpreta- 
tion of data, general application of principles, and the nature of proof are: 


1. Tests of this type are too cumbersome to make and to score, Whether 
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or not they are “too” cumbersome and time-consuming depends upon the im- 
portance you assign to these intellectual skills and thetr appraisal. 

2. Tests of this type can be handled only by the more able students, is 
thus contention supported by evidence? (We do not know. But if it is, would 
simpler tests for the same attributed behaviors be useful for diagnosis helpful 
to teacher and student alike?) 

3. The standardized or college entrance tests on which children are ex- 
pected to succeed do not make use of items of this type. Correct regarding test 
stem form, but increasingly such tests are being aimed at the more complex 
mental operations. See page 420 for more on the College Entrance Board 
Examinations, 


Evaluating beyond recall, skills, and reasoning—attitudes 


The attitudes involved in scientific work are not easily examined by 
paper-and-pencil tests. You would expect very low validity of items claiming 
to test for “honesty” or “open-mindedness” or “persistence.” But this does not 
mean that we cannot appraise these attitudes, Remember that paper-and- 
pencil tests are used only as means of replacing the actual operation. We 
must assert the validity of the test items, whereas the actual performance 
has face validity. 

In the total behavior and learning of the student in science, attitudes are 
very important. In fact, some of the studies on the identification of potential 
scientists appear to have gone astray because they were concerned only with 
the “academic” or intellectual abilities of the children as described through 
paper-and-pencil tests. The emotional and attitudinal components are cer- 
tainly equally, if not more, important. Where and how can a teacher get first- 
hand evidence of attitudes? 

Where else but in his classroom and laboratory? As children ate faced 
with real problems, real frustrations (at least temporary ones), real evidence, 
and reat conclusions, they react. Through their reaction patterns their atti- 
tudes stand clear. You can observe and record these on an anecdotal record 
form. The date and, briefly, the circumstances are useful too. They permit you 
to observe how the student grows or changes during his schooling. From such 
notes a profile of attitudes can be constructed as part of the child's descrip- 
tion. Such records are, unfortunately, not common in the secondary school, 
but their desirability and use is apparent. 

The terse observation that "education is what remains after what we 
learned has been forgotten" cannot be passed over lightly. What remains then 
will be the general attitudes toward certain types of conditions or subject 
areas. These will influence when and what actions, if any, will be taken. 
Often, as science teachers, we seem to give little concern 10 the student's atti- 
tudes toward science, which grow whether we desire this or not. Pethaps, 
through lack of concern for attitudes, we are defeating the major intentions 
of our instruction. 
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lotion upon the skin Blacken the space under A opposite the number of each 
such statement In this part of the test, your deciston about a statement should 
not be influenced by whether you bebeve the activity described could actually be 
cared out 


STATEMENTS FOR tV AND V: 


[A B] 15. Secure a description of the structure of the human 
skin 

[Irrelevant] 16. Find out the names of the companies which manu- 
facture each of the brands of hand lotion used in the ex- 
periment 

(ay 17 Make a precise laboratory analysis of each of several 


brands of hand lotion to find out the amounts and proper. 
hes of its principal ingredients, such as vegetable oils, 


water, etc. 

{Irrelevant] 18, Repeat the experiment several times with the same 
five lotions and under exactly the same conditions. 

[A 5] 19 Set up an experiment in which ten boys and ten girls 


apply a hand lotion to one hind and no hand lotion to the 
other hand once each day for a month, and compare the 


results 

[Irrelevant] 20, Send out a questionnaire to a large number of users 
of hand lotion to find out which brand is most popular. 

[A By 21, Use hand lotions regularly on several parts of the 
bods and compare the results. 

[^l 22. Set up an experiment to compare the natural skin 
oils to the oils contained in hand Jouons. 

[Irrelevant] 23. Compare the absorbing power of filter paper and 
human skin. 

(^ B] H, Look for published information about some of the 
good and bad effects of using different brands of hand 
lotion. 


V. Directions: Select from the statements already marked under A only 
things which you think you or your class in high school could actually carry out. 
Blacken the space under B opposite the number of each such statement. 


A brief look at the “practical” side 


The test items we have presented above are exceedingly interesting. They 
demand thought or reasoning or judgments or reflective thinking—whatever 
you wish to call it. But tests of this type on the analysis of data, application of 
Principles of science, or the nature of proof are not widely used. 

_ Most of the tests available for purchase or made by teachers have as 
their primary purpose the testing of recall or application of principles in care- 
eee problems. Essentially the testing pattern in science deals with 
neal | sledge of principles, and application of principles within a re- 

Some of the major reasons 


d t forward for not usi; i i 
tion of data, par t using tests on interpreta: 


general application of principles, and the nature of proof are: 


1. Tests of this type are too cumbersome to make and to score. Whether 
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for example, among some 1,100 freshmen at Harvard about 500 secondary 
schools in all parts of the country and some foreign Lands are represented. 

Pressures for admission 10 the state universities have increased and will 
continue to increase in the years ahead. Already several such institutions are 
using these examinations to provide information to the admission officers. 

The College Entrance Examinations are currently of two parts. The 
Scholastic Aptitude Test is widely used as 2 general measure of academic 
potentialin. It consists of two sections which yield "verbal" and “mathe- 
Tatical” scores. In addition, achievement examinations in three areas are 
required or requested by a number of colleges. These three achievement exam- 
inations, each an hour in length, may be chosen from a list of fifteen to eighteen 
subjects offered. Those in science are biology, chemistry, and physics. Two 
examinations in mathematics are also ofered, intermediace and advanced. 

The purpose of thee examinations is to compare each student with the 
total group who took the examination on the same date. There aye no national 
Rorms or year-to-year standards, ahhough the Board does studs the stability of 
the tests from year to year to provide their test rnalers with advice. Clearly 
there is no “passing or failing” on these examinations: they provide only a 
comparative scale. Furthermore, the significance attached to these scores in 

combination with other information varies considerably between colleges.7* 

Because considerable efort is imvested in developing and pretesting the 
items comprising these tests, the tests are kept “secure.” But their lack of 
availability co teachers and students is offset by a pamphlet about all the Board 
exams which describes and illustrates all their achievement tests now in use. 

"The orientation of the tests is determined by committees of college and 
school teachers. From year to year the membership of these committees is 
changed so that a widely representative group of teachers advises the Board on 
the nature of the tests. Other committees assist by writing and appraising items 
which will be appropriate for the instruction ofered in the secondary schools. 
‘Thereafter each item is pretested, and onfy about one in ten survives ta be 
used in a test. This care males the tests expensive, necessitates their security, 
and renders them fairly predictive. 

Since great care is taken to make the tests valid in terms of the information 
and skills norrially being considered in science classes, w& wonder at the special 
emphasis placed upon the tests by certain teachers. Especially in some eastern 

secondary schools there is a brand of course known as 2 “college board course” 
which is often little more than a cram session. In these, quick recall is stressed. 
lo the minimization of experience and comprehension or understanding. The 
consequences of “cramming” or coaching for these examinations has been 





= Henry S. Deer and Richard G. King. Coleze Boerd Scores, Their Use «nd Poierpreta- 
tion No. 2, Coliece Entrance Fxaninatios Board. N. Yq 1955: avaitzble throazh Edgcatonal 
Teng Senia, P- O. Box 302. Princrion. X. e F.O Eox 27795. Los Angeles, Califorria; 

att Deeriptae of the CoZeze Boerd Achievement! Tests, Coleze Extraner Fx1ciicaton 
Board, N,V, L656; available through Educational Testing Service. P.O. Box 59% Primetoee 
N. Jz Eftf cents per copy- 





A GENERAL APPPOACH TO EYALUATION 41 


Evaluation for prediction 


Tests are often used as the basis for predicting what a person might do in 
new circumstances. For example, will a particular boy be likely to succeed 
sn training as an aircraft pilot? To lesen the chances of his failure is impor- 
tant, because his training would take much time and cost thousands of dollars 
which could have been invested in a successful. candidate. Often secondary 
school personnel are asked to help predict the successfulness of a student in a 
particular college, also with a large investment of time, money, and hope. 
Colleges which hase studied their admission procedures find that the best 
single predictor of academic success in college is the academic record of the 
student in secondary schoul. 

The importance of information for predictive purposes becomes imme 
diately clear when we consider grades and their interpretation. A grade is a 
distillation of your various evaluation efforts, and grading criteria differ be- 
tween teachers and schools because different information and different weight- 
ing scales are used, But others are going to interpret these grades for different 
purposes; future employers and collegiate admission officers may expect the 
grades to have a different meaning {rom that which you intended. 

Suppose that you give Susie a grade of “I” in biology. Your grade may 
mean that Susie is neat, attentive, and cooperative and has a good memory 
(scores high on tests of recall information). Others looking at this grade may 
expect it to mean that Susie has certain developed abilities in science, certain 
operating skills, and an interest in the area of biology; all of which could be 
extended through further instruction in school or on the job. While each of 
us may seem free to base our grades on any pattern of evidence we wish, the 
results must, insofar as practical, be consistent with those of external inter- 
pretators who use them as a basis to predict certain behaviors. 

But the predictions are not as reliable as is desirable; any additional 
information may increase the precision of prediction. Therefore, interviews, 
recommendations, and speciat examinations are used. 

"The College Entrance Examination Board was founded in 1900 when the 
independent colleges began to enroll appreciable numbers of students from 
widely scattered schools, No longer was it practical to examine the student in 
person at the college prior to admission. Some less expensive and quicker 
technique was needed. Despite whatever instructional standards the colleges 
might recommend to the schools, instruction would differ between schools. 
As grades probably had different meanings (as they still do), some common 
basis on which to appraise applicants was clearly necessary. Therefore, a small 
group of colleges banded together to form the CoNege Entrance Examination 
Board (CEEB). Now over 200 colleges are members. Steadily the number 
of schools represented in a collegiate freshman class has grown, At present, 











2 For a report on the history and activites of this Board, see Claude M. Fuess, op. cit. 
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Beginning in 1951 the Board appointed a series of committees to explore 
the possibilities of shifting the emphasis of the science examinations toward 
more general scientific attributes. The initial committee thought that their 
responsibility might be developed and clarified throuzh a single operation. 


‘The “operauion™ agreed upon was the invertion of a single test designed (1) 
to measure the Ievel and scope of the candidate's knowledge and his ability to 
appls this knowledze to solve problems and (2) to inquire into the candidate's 
bteracy in scence as shown by his ability to analize scientific literature. to analyze 
the principles of science. and to we scientifc methods 5 


Out of this initia] efort, through a series of committees, grew the Tests 
of Developed Ability which have been tried experimentally on many secondary 
school seniors and college freshmen. The results though far from conclusive 
‘were so encouraging that similar committees were established in the Humani- 
ties and the Social Studies. If colleges wish to put greater emphasis in their 
admission procedures upon developed abilities, such tests would be of great 
value. 

The argument is simple: we are born with certain Latent abilities which 
only become significant as they are developed. Inasmuch as schooling offers 
opportunities for these abilities to be developed, the degree to which they have 
been developed should be indicative of further development in college. 

In a nearly final experimental form,* 


The scence test consists of two parts The Ent is a GO iter, eultiplechoice 
"glosary" secuon requiring 30 minutes and covering understanding of the basic 
forms and concepts in the six areas of science from which problems were selected 
—phvsics, chemistry. biology, meteorology. astronomy, and geology. 

"The second part is a 5Q-item. multiple-choice section requiring 99 minutes and 
tovering the ability to apply scentifc facts and principles to the understanding: 
of data such as one ought encounter in further stud of science in college or in 
life. The answers to the questions require in many cases the application of quan- 
titative thinking, particularly in the understanding of graphs or in reading of 
tables. The basic steps in scientific thinking are applied in rezching conclusions 
from descriptions of experiments. The student is required to reason scientifically 
as he predicts the efect of certain treatment. He és required to appls scientife 
generalizations to specific situauons In all cases. the student must have some 
knowledge of basic scenufic methods and concepts in order to reach correct 
answers to the questions. The problems are decepure in that they often appear to 
be simply reading problems, but a careful analysis reveats that the passages. which 
appear simple to one with training in science, seem to have little meaning for one 
without scientific training. Reports from the experimental administrations indi- 
Gte that many smcents who had taken po courses in science were unable to make 
propies with the pontons 
Just what usage will be made of these tests and when is not yet decided. 

But the indication is clear that the CEEB is desirous of shifting the emphasis 
of its examinations more toward the direction of developed abilities, The 





73P. F. Brandwein, Science Teaching and the Boards Scena Tests.” College Poerd 
Revie, No. 13, Nov. 1951, p. 227. 

28 Henry S. Dver and Witham £ Cofman, “The Tess of Developed Ability.” College 
Board Renex, No. 31, Winter 1957, p- 9. 
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TABLE 19-4 How many students toke the CEEB achievement fests in sclence? 





Fraction of 





enrollment 
Total Exams taking 
Subject enrotiment * taken t examination 
Biology 1291000 7005 00051 
Chemistry 483,000 14.933 031 
Physics 303,000 12396 on 


*K. F. Brown, Offerings and Enroliments im Science and Mathematics on Public High 
Schools, 1954-35, US Government Printing Office, Washington, D, C., 1956 As a descrip: 
ton of the populition who might have taken the examination, these figures are too low, 
as they omit about 8 per cent of the age group enrolled in nonpublic school, 

tHfty Fourth Annual Report of the Director, 195%, The College Entrance Examination 
Board, N. ¥., 1956, p. 62. In 195155, 74,013 students took a battery of three achievement 
examinations, 

————————————————— 


studied by the Board; even though they advised the "cram instructors,” little 
or no significant gain was shown by the “crammed” students.” 

Ironically, this very intent upon the examinations may so warp the in- 
struction that students who seemingly do well or are known to have "studied" 
the subject in secondary school are ultimately almost indistinguishable from 
others in college who have not “elected” the course in secondary school. Since 
a student takes only three achievement examinations, usually including Eng- 
lish, he cannot take examinations in all the subjects studied even in his senior 
year, let alone through his entire secondary school career, Usually only a small 
fraction of any particular class of seniors does take the examination in that 
subject. The 1954.55 figures are shown in Table 19-4, 

In the light of this information, we cannot but be deeply concerned about 
those teachers who insist that their primary Tesponsibility to the pupils enrolled 
with them is to “prepare them for the college entrance examinations.” Our 
worry about such a narrow view of a teacher's responsibilities is enhanced by 
observation of the seemingly indefensible "cramming" methods often used. 
We earnestly suggest that teachers concerned about these examinations examine 
their school records for the past five years and derive the actual percentage of 
their class enrollments who have taken these examinations. The results may be 
thought-provoking. 

During the early years of the CE! 


i t EB, syllabuses were published in each 
subject to assist teachers in read) 


lying students for the examinations, About 1941 





Teen S Dyer, “Does Coaching Help?" College Hoard Review, Feb, 1958 
pg PARA, French, “An Answer to Test Coaching.” College Bart tine, Sir pal 1006, 
ps Eig Fourth Annual Report of the Director, 1955, CEEB, N. Y~ 1956, p A3 7 
Physica n, oped Revision of the Requirements for the College Entrance 
Exim ig Physics” dm J. Pins, 8, 246, 1910. "The Chemistry Examination of Soe Chere 
Physic Eee minaton Board,” Journal of Chemical Education, 17, 413, 1910, and “The 
5i Examination of the College Entrance Examination Board,” Am. J. Phys, 9, 301, 1912. 
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9. Ability to rezd scientie rictenals critically 
"This is designed to indude such abilities as the abilitr to identify the 
allegedly or pseudo«cientifc znd to recognize such things as the ade. 
quacy of data, accuracy, amount of approximation, use of significant 
£gures, and extrapolation. 

10. Ability to apply scientie Is and principles to fenihzr or unfsnilier 
situations 
Some element of this ability will probably be tested in almoct every 
item that can be devised. However, in 2 properly designed test, few 
items would fall sofely into this category. 


Notice the complete tack of any mention of specific subject material. 
Notice also the similarities of this statement with the general operating skills 
and abilities listed by Nedelsky and by Burke and those in books on the aims 
of genera! education in science. Emphasis upon general objectives such as these 
is very significant, for these objectives are “subject-matter free”; that is, they 
appear over and over again in the behaviors of scientists irrespective of the 
particular subject or problem being studied. Thoughtful examination of the 
potentialities of almost any scientific problem will reveal that its investigation 
would require manv or possibly all of the abilities listed. 

As an example, examine the following test item from a preliminary form 
of the science examination which shows the intent and form of the new tests. 


Sample Test Iter 
TEST OF DEVELOPED ABILITY IM SCIEMCE. 


In order to breed cows which produce large amounts of milk, one must deter- 
mine the bull's cansmitting ability—hus abili to pass on the traits of good milk 
production. The chart [p. 422] is a method developed by Heirer which be found 
useful in selecting bulls with high transuntting abili! 
mated with cows. 

This chart is used for determining the transmitting ability of a bull in regard 
to nulk producuon. The formula is based on measurements of the daughter's milk 
production. 

To use the chart, locate the daughter's average production at the left, follow 
horizontally to the right until the diagonal line is reached, and then follow verti- 
cally down and read the figure on the base line. Subtract from this figure the 
mother's average production, The result is the bull's transmitting ability. 

1-2 Bull A was mated with a cow and over 2 period of sears produced six 
daughters. The average milk production of the dauzhters was 15,000 pounds The 
average milk production of the mother was 14,000 pounds, 

Bull B was mated with a cow and over a period of years produced seven 
daughters. The average milk production of the daughters was 14,000 pounds The 
average mk production of the mother was 16.08 pounds. 

I. On the basis of the data, the transmitting ability of Bull B, in pounds 
is approximately 

(A) 14,000 @B) 15,000 (C) 16000 (D)I7000 18,000 

2. On the basis of the data, a farmer wishing to buy a bull 

(A) should pay a higher price for A than for B 





23 P. F. Brandwein, The Gifted Student es Future Scientist, Harcourt, Brace, 1955, pp. 
7. 
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particular science abilities which eventually were adopted as the basis for the 


exploratory Test of Developed Ability in Science appear below’? 





a 


Basic INTENTS OF TEST OF DEVELOPED ABILITIES IN SCIENCE 


L Scientific Thinking 


1. Ability to identify and define a scientific problem 3 
This category indudes the ability to recognize the problem present in 

a given situation, to isolate the problem from the extraneous material, 
and to define the problem in specific terms preparatory tO devising 
solutions 
Ability to suggest or recognize a scientific hypothesis k 
Within this category fall such abilities as the ability to synthesize data 
pertinent to a problem and the ability to recognize the possibility of 
testing an hypothesis. : 
Ability to propose or select validating procedures (both logical and 
empirical) 
‘This encompasses the design of experiments, the ability to plan or 
recognize an adequate plan for the collection of data, the ability to 
make logical predictions, and the ability to design apparatus setups. 

. Ability to obtain requisite data 
Examples of abilities which would fall within this category are the 
ability to make observations, the ability to manipulate laboratory 
equipment, and the ability to assemble laboratory equipment in à 
logical sequence. - 

5. Ability 10 interpret data, i.e., to recognize or formulate valid conclu- 

sions or generalizations from information known or gwen 

This encompasses the ability to interpret data given in maps, charts, 

graphs, diagrams, and verbal materials, and to make generalizations 

or draw conclusions based on data given. In essence, this is the ability 

to extract from collected data evidence verifying or disproving a given 

hypothesis 

Ability to check the logical consistency of an hypothesis with relevant 

laus, facts, observations, or experiments 

‘This category includes the ability to recognize the applicability, logi- 

cal consistency, and plausibility of an hypothesis. In essence, this is 2 

synthesis of abilities 2, 3, and 5. 


to 


c» 


A 





^ 


II, Scientific Skills 


7. Ability to reason quantitatizely and symbolically 
This ability encompasses three major manipulative skills: 
a ability to understand and perform numerical operations 
b ability to understand and use symbolic relations 
c. ability to understand and use information presented in graphs, 
charts, tables, diagrams, maps, and verbal materials 
"The abilities included within this category are considered to be purely 
manipulatne, e g, the ability to read a graph ar an equation. 
Ability to distinguish 
a. among fact, hypothesis, and opinions 
b, the relevant from the irrelevant 
This is essentially the ability to abstract the vital information from a 
wealth of data collected by someone else, and to ignore the informa- 
tion extraneous to the problem at hand. 
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(A) Both predictions will be equally reliable since both are based on the 
same principle. 

(B) The prediction involving 14,000 pounds will be reliable since it is on 
the present graph, but the other prediction will be wrong. 

(C) The prediction involving 14,000 pounds will be reliable since it is 
read im a region. where the data show that the principle holds, while 
the other prediction is less reliable because it goes beyond the region 
where the data are shown to hold. 

(D) Both predictions are reliable since a straight line graph can be ex- 
tended indefinitely. 

(E) It is impossible to answer this without knowing more about the breed 
of cattle. 


To help you recognize the Lnouledge, skills, and abilities required to answer 
the five items of this question, we suggest that you answer each part and record 
what you were obliged to recall and to judge as you reached an answer. These 
five items call upon quite different developed abilities. The amount of recall 
information is low; most of what is needed is given. Yet the items are not easy. 

If examinations based on these general abilities are adopted by the College 
Board and are also used frequently in secondary schools as well as colleges, we 
shall have, for the first time in a half century, consistency between the be- 
havioral objectives of science instruction in the secondary schools and in the 
colleges, as well as in the tests used as screening devices between them. 

You may find some of the following references on evaluation useful. 


Cronbach, L. J., Essentials of Psychological Testing, N. Y : Harper, 1949. 

Dressel, Paul L., and Clarence R. Nelson, Questions and Problems in Science, Test Item 
Folio 1, Princeton, N. J.: Educational Testing Service, 1956. 

Dressel, Paul L., and L. B. Mayhew, General Education, Explorations in Evaluation, 
Washington, D. C.: American Counal on Education, 1951. 

Dyer, Henry S., and Richard G. King, College Board Scores, Their Use and Interpre- 
tation, No. 2, N. Y.: College Entrance Examination Board, 1935. 

Educational Measurement, ed. by E F. Lindquist, Washington, D. C.: American Coun- 
cil on Education, 1951. 

Garrett, H. E., Elementary Statistics, N. Y.. Longmans, Green, 1956. 

Gerberich, Joseph R., Specrmen Objective Test Items, N. Y.: Longmans, Green, 1956. 

Guilford, J. P., Psychometne Methods, N. Y.: McGraw-Hill, 1936. 

Hanke, H. E, E. F. Lindquist, and C R. Mann, The Construction and Use of Achieve- 
ment Examinations, Boston: Houghton Mif 1936. 

National Society for the Study of Education (NSSE), Forty-Fifth Yearbook, Part 1, 
The Measurement of Understanding, Chicago: U. of Chicago Press, 1946. 

Noll, Victor H., Introduction to Educational Measurement, Boston: Houghton Mifin, 
1957. 

Ross, C. C., rev. by J. C. Stanley, Measurement in Today's Schools, Englewood Cliffs, 
N. J.: Prentice-Hall, 1951. 

Smith, E. Rọ, and R. W. Tyler, Appraising and Recording Student Progress, N. Y.: 
Harper, 1942. 

Thomas, R. Murray, Judging Student Progress, N. Y. 

Travers, R. M. W., How to Make Achievement Tests, N. 

—, Educational Measurement, N. Y.: Macmillan, 1955. 









Longmans, Green, 1954. 
Odyssey Press, 1950. 
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(B) should pay a higher price for R than for A 
(C) should pay the same price for both bulls 
(D) should buy neither of these butls 
(E) cannot tell which bull s worth more 
. "The chart given is in reality 
(A) a hypothesis 
(B) a generalization based on experience 
(C) a result of theoretical study 
(D) a lav of breeding affecung all animals 
(E) none of the above 
4. “It can be predicted that a bull with high transmitting abibty will have 
daughters with high milk production." "Fhis statement is 
(A) warranted by the data in the chart. 
(B) contradicted by the data in the chart 
(C) too difficutt to check 
(D) only parually correct because it does not contain data on the milk 
production of the mother 


(E) only partially correct because it does not contain data on the breed of 
che bull 


y 


: 5 The chart is extended in order to make a prediction of the bull's trans 
mitting ability where the daughter's production is 23,000 pounds and the mother's 
production is 30,000 pounds. Which one of the following is true in regard to this 


Prediction compared with a prediction where the daughter's production is 14,000 
pounds? 
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take or choose to take, such as the special examinations for college entrance, 
scholarship examinations, etc. 

What sort of program would suit their purposes? 

The realities of the situation. As throughout the nation, the teachers knew 
that many of the students (at least 60 per cent in this school) did not have the 
ability to succeed in college. Of approximately 40 per cent who would apply 
to college, a fair number would choose to take the College Board Examina- 
tions in physics or chemistry, and the fewest in biology (see p. 418). 

Nearly all of the students would take the Regents Examinations. (Approxi- 
mately 90 per cent did.) 

Different tracks. Early in its history, this science department had decided 
to institute different tracks for the science shy and science prone (see Chapters 
8 and 9). After some thirteen years of work, the tracks described in Chapter $ 
were developed (see Table 3-4). Naturally, different tests needed to be developed 
for each track. For instance, a course in physics which is highly mathematical 
in its treatment cannot be evaluated with the same testing tools appropriate 
for a descriptive course in physical science. A course in advanced science (with 
its base in project work) has a different basis for evaluation than a course in 
biology. 

Par value. If one develops different tracks for different students, having 
different interests and abilities, one cannot expect all students to reach the 
same degree of accomplishment. With any instrument of evaluation, e.g., a 
Paper-and-pencil test, one expects the scores of students to "spread" as a result 
of their effort. This would be fine, if we began with students of equal promise. 

But we are again reminded of Harold Hand's fable (page 146); Sam Spar- 
row and Sid Swallow will do differently in the same course in flying, not 
because of effort or interest, but because of different hereditary qualities. It 
seems reasonable that a sparrow that flies as well as he can, and a swallow that 
flies as well as he can should each be awarded the highest grade for the highest 
expression of his ability. Thus a sparrow would get an A for flying his best, and 
so would a swallow. 

Put another way, since children do not choose their parents or their 
heredity, they should not be stigmatized for them. However, the realities of 
our present way of life cannot be dismissed; there seems to be a need for Lnow- 
ing the accomplishments of people in terms of a “standard” which has been 
established, and which is generally understood. 

In this science department, there was an attempt to establish a grade based 
on the principle of par value. Essentially this meant that a student who worked 
to the best of his ability (par for his ability, par for the course) should get the 
highest grade. Thus a student with a 90 LQ., who worked to the best of his 
ability, would achieve the same grade (100%, or A) that a student with 150 1.Q. 
would achieve if he worked to the best of his ability. This seemed equitable. 
Yet surely, colleges and employers would not accept this practice, because to 


1 This is rather high compared to the nation where about 30 per cent of the graduates 
enter college. 
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Appraising the student: 


An approach to test building 
and interpretation 


A note at the beginning: Ail teachers make tests. All teachers are constantly 
faced with the twin tashs of improving their tests and in- 
terpreting test scores. While we cannot go deeply into either 
of these operations, we hope that what we say is sufficient to 
be of some help, at kast, initially; expertness in testing 
comes after long experience, 

We begin with a case study in which a test was designed 
that actually stimulated students to read and learn more 
than they would have without the test, Testing is concerned 
not solely with measurement, but also with stimulating 
learning. Then, in a lengthy "Excursion," we consider some 
aspects of test-making, interpretation of standardized test 
scores, and the meaning of “scaled scores" of various types. 


A case study in evaluation 


‘The group of teachers who comprised one scienc 
one) had the usual run of youngsters, from LQ. 
distribution curve, 
many reasons: 


¢ department (an actual 
70-75 to the upper end of the 
They had to give grades to all. They had to give tests, for 


1, Asa basis for determining the extent of learning. 

2. Asa basis for determining the success of teaching, 

3. Asa basis for reporting through grades the success of learning to parents. 

4. Asa basis for reporting to the administration, for purposes of diagnosis, 
promotion, and guidance. 

5. To comply with the New York State Board of Regents directive: all 
who finish a unit of work (a year's study) must take a Regents Examination in 


the area. (Science Regents are given in biology, chemistry, physics, and carth 
science.) 


6. To prepare young people for various examinations they will need to 


4M DETERMINING THE SUCCESS OF SCIENCE TEACHING 


that more than memorization was needed to achieve a high grade. In addition, 
practice was given students in taking tests; methods of study were illustrated 
and discussed; methods of preparing for examinations were analyzed; psycho- 
logical tricks in doing short answer items and essay tests were developed. 

Teacher participation in the program of evaluation. In the department 
under discussion, the teachers participated in developing tests as fully as they 
wished. Eventually, it was recognized that tests made by teachers were not 
necessarily valid or reliable, if only because effective test items are difficult to 
develop. Finally, it was realized that for testing the recall and application of 
information, teachers in New York were fortunate, for the Board of Regents 
had over the years developed a rather full series of examination items in all 
science areas.* These items had been pretested, and there were over 1000 items 
in each subject area. 

"The teachers «ho were interested (and not all were) placed on a card 
the following information for each item: 


Topic Physics 
Item: To produce an enlarged virtual image with a convex lens, the object 
distance should be (1) less than 1f (2) between If and 2f (5) greater than 9f. 


Average per cent giving correct response: 75%, 


Note that space was left for an indication of the response to the item; 
this was desirable in view of the use of these cards. Once these responses had 
been determined by a number of uses of each item, a test could be assembled 
of 50 such items, of which: 


10 were of the type in which about 15 per cent of the students had pre- 
viously given successful responses. 

10 were of the type in which about 95 per cent of the students had pre- 
viously given successful responses. 

30 were of the type in which about 70 per cent of the students had pre- 
viously given successful responses. 


After several years of experience, we were able to build tests which gave 
the spread of scores we wanted: an average score around 75% to 80%, with 
ten per cent of the scores above 90% and ten per cent of the scores below 
6095.3 By selecting test items of known difficulty in this way, tests can be built 
to produce any pattern of scores desired. 

Not only short-answer items, but also situational items and essay items 
were developed (see below). The essay ters wert spttrdirg designed for re 
liability in rating. 

Out of this interest in developing their own testing program, the teachers 





? These items are useful for testing subject matter knowledge in all schools throughout 
the nation; in our experience, they are as good as any deused elewhere. — 

3 Parents were glad to know that care »as being developed in preparing the tests. Fur- 
thermore, they were also impressed by the fact that care had been taken in getting a kind of 


“norm” so that students were being treated fairly. 
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them a grade of A has different meaning. The school's report would be incon- 
sistent with the meaning attached to it by others. 

To make a long story short, eventually there was established in the school, 
as in some other school systems, a General Diploma not intended for acceptance 
for college entrance. The science department could then institute a modifica- 
tion of this principle of par value; that is, students who were not intending to 
apply for college entrance could be graded on a different base line. In short, 
a “G” grade was instituted; thus science-shy students could achieve a grade of 
90G (and conceivably 100G) in tests (and courses) specially designed for them. 
"These tests consisted of nonmathematical items; certain of these tests involved 
the use o£ texts to which the student could refer. The G grade was acceptable 
toward a General Diploma, but not toward a College Entrance Diploma. 

In any event, as unsatisfactory as the situation still is, a student with a low 
LQ. would not be failed if he worked to his capacity. Similarly, although he 
could get a diploma and would thus be graduated, his grades would be dif- 
ferenuated by the symbol "G." This would, in a sense, presuppose that the 
students’ capacities had been tested in classes where so-called “regular” stand- 
ards obtained, and that these students could not meet these standards. Schools 
have far to go before creating a report system which meets the goals of sound 
social and psychological, as well as educational, thinking. But the injustice of 
“failure” for unequal heredity can be ameliorated with a device such as this. 

Student sharing in testing. At the beginning of any course, particularly 
1n general science, the meaning of grades and the nature of testing were dis 
cussed with the students. Students more readily accept the distasteful task of 
taking tests when they have discussed the need for tests, when they have a part 
in formulating the goals of testing, when they have a part in planning the 
extent and time of the test. For example, they prepare test questions, and have 
practice and advice in taking their own tests in preparation for taking a test. 

Similarly, as students understand the total Scope of the testing program 
and the way it will be used in developing their grades, they collaborate in the 
learning and teaching process. In this department of which we speak, the final 
grade was determined as shown in Table 20 1. It became clear to the students 


TABLE 20-1 Determinations of final grades 


Percent of 


Type of evaluation final grade 


Paper and pencil tests 207, 
An estimate of laboratory work 10% 
An estimate of participation in class (oral reports, Bd 


Written reports, committee work, including a re. 
Port on a book) 





10% 
A project (an exhibit, or a piece of apparatus, to “ 
ilustrate a principle of science, prepared at home) 1007 
1907, 


a HÀ (A 
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18. A ray of light will bend 
medium of greater optical density. 
21, 22. When viewing red print on a white background through a 
blue glass filter, the letters will appear (21) while the background 
will appear (22) 


the normal when entering a 











PART B 

5. If a man uses a force of 30 pounds to move a 200 pound safe 
10 feet, the work done is foot-pounds. 

6. The electrical resistance of a wire is inversely proportional 





to its 





7. A 500-gram weight is approximately equal to a -pound 
weight. 

8 Fifty centimeters below the surface of fresh water, the pressure 
in grams per square cenumeter is 

9. A change in the emphasized overtones will produce a change 
in the of a sound. 

10 A 2horsepower motor can do work at the rate of 
pounds per second. 

11. A note three octaves above a note of 100 vibrations per second 
vibrations per second. 

12 The alternating current in the armature of a generator is con- 
verted to direct current by a device called a (an) 

13. A 550-watt toaster that draws 5 amperes must have a resistance 
ohms. 

16. The specific gravity of uranium is 18 7. Ten cubic centimeters 
of uranium weighs (1) 1.87 grams (2) 8.7 grams (3) 28.7 grams (4) 187 
grams. 

17. A device used for “atom smashing” is the (I) electron micro- 
scope (2) cyclotron (3) oscilloscope (4) electroscope. 

18 A wire heated to incandescence emits (1) protons (2) neutrons 
(3) mesotrons (4) electrons 

20 The number of calories of heat berated when 1 kilogram of 
water freezes is (1) 80 (2) 540 (8) 80,000 (4) 54,000. 

21. The resultant of two forces is a minimum when the angle be- 
tween the two forces 1s (1) 0° (2) 45° (3) 90° (4) 180°. 

23. When the carbon granules in a telephone transmitter are com- 
pressed, the current in the transmitter circuit (1) ceases (2) decreases 
(8) increases (4) remains the same. 

24. The decrease in pressure at the top of a chimney when the 
wind blows across it is explained by a physical principle first stated by 
(1) Torricelli (2) Pascal (3) Bernoulli (4) Boyle. 

25. An aneroid barometer consists of part of a can containing 
(1) water (2) mercury (3) a partial vacuum (4) compressed air. 

28. An object falls from an airplane. As it approaches the earth, 
there is an appreciable increase in its (1) mass (2) velocity (5) accelera- 
tion (4) potential energy. 

33. Momentum is equal to the product of mass and (1) force 
(2) time (3) velocity (4) acceleration. 

34. Of the following, the unit of energy is the (1) ampere (2) watt 
(3) gram (4) calorie. 

37. A bullet fired horizontally at a speed of 2,000 feet per second 
will (1) fall 32 feet during the first second (2) fall 16 feet during the 
first second (8) not fall at all (4) fall less than a foot. 
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in this department developed an exceedingly interesting device: a test that 
actually stimulated students to study harder. p 

A test which stimulates students to study harder. As is the custom else- 
where, the teachers in this department were accustomed to testing students at 
the end of a unit of work. One of the teachers hit on the scheme of not only 
testing students on the unit which they had completed, but giving them "bonus 
questions on the work not yet done in class—a bonus for “knowing more” 

Finally, four of the teachers in the department used a test somewhat like 
the example which follows. Part A is concerned with work just covered. Part B 
consists of items which span the entire course. Some of these items are based on 
review, others involve new topics not yet considered in class. The effect of the 
test was to stimulate the student to review and to read ahead, since at all times 
he could receive credit for “knowing more.” Since in the “bonus” questions we 
wished to encourage knowing rather than guessing, a penalty for incorrect 
answers to these questions was applied. Such tests were given throughout the 
ennre year, The procedure was acceptable to students and parents. 

What happened when students consistently received scores over 100, as a 
number of the best did? The parents of these students received letters (duph- 
cates of which were put in the students’ cumulative envelopes) indicating that 
these students were entitled to the department's recommendation. These letters 
were prized by both parents and students. 

Assume that the students have just finished work on lenses and on refrac- 
tion and diffraction. We reproduce only sample items here; the tests generally 
had at least 25 items in Part A and 50 objective and essay items in Part B. 


Directions to the student. Scoring plan for Part A: 4 points per item Re- 
member, however, our usual practice. You may earn extra points from Part B 
For any item taken in Part B we offer 1 credit for a correct answer, but 2 credits 
will be taken off for an incorrect answer. You may take any part of am essay 
question for the same credit as any other question. 

PART A 


1, The image produced by a pinhole camera is inverted because 
(I) light travels in straight lines (2) there is no lens (3) focusing 1s 
impossible. 


4. Images formed by plane mirrors are always (1) laterally reversed 
(2) xeal (8) smaller than the object. 


I.—— 





4 
5. Wall painting is stippled (made rough) in order to avoid (1) dif 
fuse reflection (2) absorption of light (8) regular reflection. $—— 
7, Rays of hght comng from a point and passing through a con- 
vex lens will (1) necessarily emerge parallel to each other (2) converge at 
the principal focus (3) converge at a point other than the principal 
cus. es 
9 The wave length of red tight is (U 
(9) equal to, the ave length of tite teh ‘Saban’ Greate sha — 
10. The speed of red light in glass ss (1) greater than (2) less than 
(8) the same as, the speed of blue hight in glass 10L.— 
11. A body that emits its own light is calle 2... body no 
the 12 ThE portion of a shadow that is only partly darkened is called. 
ig 


428 DETERMINING THE SUCCESS OF SCIENCE TEACHING 


€. Steel plates are fastened together with red hot rivets. 

d. A large soap bubble is not crushed even though a total force of several 
hundred pounds is exerted on it by the atmosphere. 

e. Although a piece of metal and a piece of wood are both at a tem- 
perature of 40° F, the metal feels colder than the wood. 

f An electric refrigerator tends to increase the temperature of the room 
in which 1t operates. 

8. A 180-ohm resistor, a 60-ohm resistor, and an ammeter are connected in 
series to a 120-olt source. 

a. Draw a labeled diagram of the circuit. 

b. What current should the ammeter indicate? 

c. Find the voltage drop across the 180-ohm resistor. 

d. Find the wattage in the 60-ohm resistor. 

e. In which resistor will the heat be developed at the greater rate? 


We have sampled here a test in physics; similar ones were given in general 
science, biology, and chemistry as well. 

Most important of all was the fact that students of all calibers liked these 
tests; the science shy because they had the opportunity to make up deficiencies, 
the science prone because they were rewarded for knowing more. Jt was a fact 
that most students in the class actually finished the textbook before the year 
was up, and that most students kept up a constant review. If tests have to be 
given, if subject matter knowledge has to be tested, why not use tests to stimu- 
late additional study? 

Incidentally, although a large file of test items was drawn upon so that no 
two tests were alike, individual items often appeared several times. There was 
no restriction on a student's selecting again an item he had previously received 
credit for. The teachers felt that it was just as important for a student to get 
the right answer a second time as it was the first time. And, of course, knowing 
that their information was not a dead issue once they had exhibited it, students 
were more likely to retain information. 

This department furthermore developed from these tests a. criterion of 
promise in science; undoubtedly there are many others. Gradually we found 
that students who consistently scored 120 and oer on tests such as the pre- 
ceding were in the group which we described as the science prone. These 
students worked harder, had higher ability (verbal and mathematical), and 
were better organized than their age mates. 

Standard examinations. A group of conscientious teachers cannot make 
lests and grading scales without desiring some check on its judgment, its 
teaching program, its achievement. 

This department gave three sets of tests at five-year intervals to a random 
sample of its students. These tests were: 


l. Tests of Primary Mental Abilities, published by Science Research Asso- 
ciates, Chicago, Jl, These describe the caliber of the students as a check 
against the tests already available (1.Q. score, reading score, and arithmetic 
score}, 

2, Tests 2 and 6 of the Jowa Tests of Educational Development: 
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39. An increase in the amplitude of a sound wave increases the 
pitch of the sound. 

40. The strength of an electromagnet depends upon the current 
and the direction of winding of the coil of wire. 

41, Heat ts transmitted. from the sun to the earth by conduction. 

44 Ihe volume of a gas at constant temperature varies directly 
with the pressure. 

45 A Yead storage cell was charged. The electrolyte's density 
increased, 

46 It a low resistance shunt 1s placed across the terminals of a 
galvanometer, she mstrument may be used as an ammeter, 

50. Light of a single wave length (monochrome hight) cannot be 
refracted. 


39.—— 


40.—— 


‘to 
Aia 
45.— 
46 —— 


M — 


1. Describe simple experimental procedures that may be used to determine 


five of the following: 
. The dcw point of the ait in a room 
. The two fixed points on an unmarked thermometer. 
- Which of two metals 1s the better conductor of heat. 


That there is no change in temperature during a change of state. 


Which of to liquids has the greater heat capacity. 


a 
b. 
c 
d. The effect of a change of pressure on the boiling point of water. 
€ 
f 
a 


. A boy is given a malict, a few elastic bands, and two tuning forks of 


the same frequency, mounted on resonating boxes. Explain how he 


could demonstrate: (1) Sympathetic vibration (2) Beats. 


b. A hunter fires a gun and hears the echo from a cliff 11.4 seconds later. 


‘The temperature is 10° C. 
(1) Calculate the speed of the sound 
(2) Find the distance from the hunter to the cif. 


6. a, Find the candle power of an arc Samp in a motion picture projector 
that will produce an intensity of illumination of 025 foot-candle on a 


screen 100 feet from the lamp. 


e 


. À spotlight with a red filter casts a beam of light on a couple on a 


darkened dance floor. The boy «cars a blue suit and the girl wears a 
red dress. State and explain the appearance of the suit and of the 


dress when viewed under these conditions. 


n 


the light ravs indicated 


rae 
Se" 


red sess. 
qreen glass: 
7. Give an ex 
following statements 


Copy and complete each of the diagrams below to show the paths of 


2F 


planation bused on physical principles for each of five of the 


3. The weight of an object may change although its mass remains the 


same. 
b. When a thermometer is 
slightly and then rises. 
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Placed ín boiling water, the mercury falls 


a. Application of Principles in Science 
b. Application of Principles in Physical Science 
c. Application of Principles in Biological Science 


Published by Cooperative Test Service, Revised Series, Form Q, New York: 


d. Cooperative General Science Test (Form Q) 
€. Cooperative Biology Test 

L Cooperative Physics Test 

g. Cooperative Chemistry Test 


Obtainable from Science Research Associates, Chicago: 


h. Iowa Tests for Educational Development, particularly, “General Bach- 
ground ín the Natural Sciences"; also "Reading—Natural Sciences.” 


Obtainable from the World Book Company, New York: 


i. Read General Science Test 
) Nelson Biology Test 

k. Anderson Chemistry Test 
1. Dunning Physics Test 


m. In addition, Dr. Dressel and Dr. Nelson have developed a comprehen- 
sive folio of college test items obtainable through Educational Testing Service, 
It may suggest test items appropriate to your classes. 

n. Practically every large publisher of textbooks offers accompanying 
booklets of tests. There are a multitude of items in each test. 

3. There are also useful general guides to test construction. We list a few 
of them: 


Fourth Mental Measurement Yearbook, ed. by O. K. Buros, Highland Park, N. J.: 
Gryphon Press, 1953. (This is one of a group of test reviews.) 

Gerberich, Joseph R., Specimen Objective Test Items, N. Y.: Longmans, Green, 1956. 

Grases, R. M., How to Make Achievement Tests, N. Y.: Odyssey Press, 1950, 

Hanke, H. E, E. F, Lindquist, and C. R. Mann, The Construction and Use of Achieve- 
ment Examinations, Boston: Houghton Miffin, 1936. (Although “old,” still very 
useful 

Micheels, v. Jo and M. R. Karnes, Measuring Educational Achievement, N. Y.: 
McGraw-Hill, 1950. 

Raths, L. E, “Techniques for Test Construction,” Educational Research Bulletin, 
Ohio State Unisersity, 17:85-114, April 1938. 

Thomas, R. Murray, Judging Student Progress, N. 





": Longmans, Green, 1954. 


4. In addition, there is clearly another most important source of test 
items. ‘This source is at the cutting edge of research and test development. For 
instance, there is the “Thinking Project" of the University of Illinois. Its aim 
is to study the way young people think; but, as a result of the work, a multitude 
of interesting test items were developed (much as in the Eight-Year Study). 
‘Two of the items are offered here, as examples. 
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Test 2 (Form Y-2), "General Background in the Natural Sciences.” 
"Test 6 (Form Y-2), "Interpretation- Natural Sciences." : 
3. Regular examinations of the Board of Regents in biology, chemistry, 


and physics, through which comparisons were made with the achievements of 
similar schools in ihe state. 





The net result of this plan of evaluation we have described was to feed 
back to the members of the department information on the effectiveness of 
their teaching. This led to constant review of their purposes and goals, And 
this is a mayor purpose of evaluation: the improvement of instruction. 





An excursion 
into developing one's own 
evaluation program 


Sources of fest ilems and information 

"Teachers, as we hae found in years of teaching, have too little time- 
especially to build good test items again and again. Hence, the need for build- 
ing a file of test items. After a few years the items will accumulate, and under 
repeated use with different classes, 


they will be appraised for their reliability 
and validity. Continued additions 


refresh the file. Of course, security must be 
maintained, a locked file, for instance, is invaluable, 


One teacher built up a fairly useful file (over a period of five years) some 
what as follows: 

L. 4 file of short answer items. He obtained fi 
which were permitted to be duplica! 
and from the New York State Board 
science, biology, chemistry, physics, 


les of examinations (of items 
ted) from the Chicago Examiner's Office 
of Regents. These items were in general 


and earth science, These were of the type 
detailed on p. 428. In this way, he collected some 509 items in each area, each 


one on its own card. He could assemble an examination of any type within 
a short time. Also, he kept discarding items which proved unsatisfactory. 
2. A file of essay items. The state examinations mentioned above {only as 


examples) also had essay items. These were placed on cards as well There 
are many other sources of test items: 


1. Pool the items of your colleagues with your own, and thus develop a 
Very rich departmental pool of items, 


2. Study standard tests such as the foll 
These tests will furnish clues for errors and strengths in the items developed 
by you and your colleagues. (Do not COpy these test items; they are copy- 
righted. If you did use those Particular items, their parent test would be less 
significant if given later.) 


Published by the American Education Fellowship, for i 
d . formerly Progressive 
Education Association, New York: : D 


lowing for types of items developed. 
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— — (4) When the effort moves twice as far as the resistance, the mechanical 
advantage is two. 


e. How did you know which reason in Question d. to check? 





From these examples it seems that it is useful to follow the work of groups 
interested in test development. Do you receive the publications or the an- 
nouncements of: 


Educational Testing Service, 20 Nassau St., Princeton, N. J. 
Psychological Corporation, 522 Fifth Ave., New York 36, N. Y. 
Science Research Associates, 57 West Grand Ave., Chicago, Hl. 
The Science Teacher, 1201 16th St., N.W., Washington 6, D. C. 
World Book Co., 313 Park Hill Ave., Yonkers, N. Y. 


Notes and hints for the improvement of tests 


In Chapter 19 and the preceding pages, we have considered and illustrated 
many types of test items and the general approach to an effective testing pro- 
gram as part of over-all evaluation. The literature on testing is large and 
worthy of study; here at best we can add only a few notes and hints that may 
be helpful to you. 

By now you are surely aware that no test i5 perfect. Inevitably the validity 
of a test is under suspicion. Checks on validity come from comparison with 
other types of information, especially the observations made day-to-day by the 
teacher. If the "best" students in a class do poorly on a test, perhaps the test 
needs thoughtful consideration. Furthermore, you feel more confident about 
a particular test when you have examined the items in it for their appropriate- 
ness to your intentions and to the material considered in class, and its repre- 
sentativeness as a sample of both these attributes. 

Preplanning. The prerequisite to a well-planned testing program is a well- 
planned course or curriculum. As we have indicated earlier, even during course 
planning specific opportunities will come to mind for appraising the behaviors 
to be developed. Record these for future use. During the day-to-day operation 
of the course, interesting possibilities for test items will appear from the dis- 
cussion and behavior of the students. Note these briefly, but specifically, and 
file them against the day when a test js to be made. Out of such actions will 
tome more and better materials for your tests. 

Blueprinting a test is highly recommended by many experts. They propose 
a twodimensional layout of behaviors to be tested and materials to be used. 
Such a pattern would look like Table 20-2. This pattern of item distribution 
is entirely hypothetical, but it illustrates how the various subject areas and the 
pupil behaviors can be weighted in the test. In addition, attention would neces- 
sarily be given to the distribution of the difficulty of the items so that these 
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In chemistry 


CAN YOU TELL WHETHER OR NOT A CONCLUSION I$ REASONABLE? 

Surrounding the nucleus of the uncharged lithium atom, there must be three 
electrons, since the number of electrons and the number of protons in any un- 
charged atom are the same. 

a, State the conclusion of this reasoning. . 









b State the reason gis 








€ How did you know that the statement you wrote in Ques 
reason and not the conclusion? 


ion b was the 























d. The second reason for the conclusion was not stated. It is assumed, Check 
the one of the following statements which is the assumption. 








(1) There are three protons in the uncharged lithium atom. . 

(2) Electrons revolve around the nudeus of an atom. The nucleus contains 
the protons, 

—~-(3) Each electron being negative cancels 2 proton which is positive, 

—~(4) An atom is thought to resemble a solar system with the protons in the 
position of the sun and the electrons like the planets, 






How did you know which reason in Question d to check? . 











In physics 


CAN YOU ANALYZE A BIT OF REASONING? 


A pulley can be regarded as a lever. When the resistance js attached to à 
movable pulley, the lever arm of the resistance is the radius of the pulley, and the 
Jever arm of the effort is the diameter of the pulley, Since the diameter is twice 
the radius, the mechanical advantage of a single movable pulley is two. 


a. What is the conclusion of this reasoning? , 






What are the reasons given for this conclusion? ; 


to the effort. 
———(2) When the effort arm of 
cal advantage ıs two. 


——(8) The resi a i 
(3) The pevitance attached to a single movable pulley is supported by two 


a lever is twice the resistance arm, rhe mechani- 
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should be tailored to the time available so that all, or nearly all, students com- 
plete all ítems; only for particular types of skilis like reading comprehension 
or computational speed is a "speed test" defensible. 

To expedite test scoring, prepare in advance a scoring key. This may also 
assist you in recognizing any questions that have ambiguous answers and in 
modifying them before the pupils take the test. Often such a scoring key will 
be a strip to be aligned with the answers. This is readily done if all the answers 
are placed along one margin of the test sheets. 

Have the tests duplicated and legible. There is no excuse for the slow 
process of reading questions to pupils who may not hear the words correctly 
or may still be thinking about the previous question. Reading questions aloud 
slows down all students and severely limits the number of items that can be 
used in the time available. Likewise, writing test items on the board, even 
essay questions, is undesirable; many times the students may mistake the writ- 
ing, unless it is very clear. Provide each child with an explicit written statement 
of the task. But above all, make certain it can be read; a test is not supposed 
to be a guessing game. This may sound unnecessary to say, but we have seen 
the unreadable tests given students in some schools we have visited. 

Make certain that the correct answers are randomly distributed. Flipping 
à coin will provide a random basis for the arrangement of true-false items, 
Rolling a die will provide a means of randomizing the correct answer's posi- 
tion in multiple-choice items. 

Arrange with the school office that no unforeseen events will interrupt 
your test period. announcements, shortened periods, or cancelled sessions. The 
children will have done some preparation or at least will be expecting the 
test as scheduled. Delays are confusing and irritating to them. 

Pupil scoring. Pupil scoring can expedite the results of a test. But if this 
is done, you are advised to assign each pupil privately a number in some ran- 
dom manner, This number and not his name goes on his paper. Then, mix 
up the papers before redistributing for scoring. Provide each student with a 
written scoring key, Have him indicate in a box on the test the number of 

right, wrong, and omitted answers. For safety, have another pupil rescore 
each paper. Results can be posted on the bulletin board by each student's 
number. Some interpretation of the overall distribution of test scores should 
also be posted. This may be in terms of rank-in-class or letter grades with the 
cutting scores identified. 

Choice of items, Any test is a sample of student behavior, Therefore, the 
diference between a good and a bad test Jies in the sampling procedures used. 
A good test meets five main criteria: 


l. A good test is long enough to provide a stable, or fair, sample of the 
student's behavior, To base any conclusion on only a few items is to have an 
unreliable conclusion. 

2. A good test contains a representative sample of items. The items should 
be chosen on three bases: difficulty, subject content, and behavior required, 
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istribution of i ical blueprint 
20-2 Distribution of items in hypothetical bluep 
tens for a test of developed ability in science 





Subject area 


Farth 
Biology Chemistry Physics — science Total 


Behavior Demonstrate 
understanding 
of principles 


Apply principles 


Handle quantita- 
tive relationships 


Interpret cause 
and effect rela- 
tionships 


Interpret 
experimental data 


Apply laboratory 
procedures 





Total 26 2 2T 20 100 





were fairly scattered. among the areas and abilities, The totals give the relative 
weights assigned to the subject areas and abilities, The advantage of such a 
blueprine in advance of test formation is the prevention of overloading one 
subject or ability and slighting the others. 

‘The same type of breakdown can be used within a particular subject area, 
©» in biology: botany, zoology, ecology, human physiology or health, con- 
servation. The Pattern of item forms may also be laid out and the point scores 
for each section planned: so many true-false, completion, matching, multiple- 
choice items and the amount of score attainable from each. 

Mechanical details. 
the test are recommende: 
arise where you might 
for comparison with t 
dicate clearly the len 


Specific written instructions for the presentation of 
d. While this may seem unnecessary, an occasion may 
be ill and might have someone else give the test. Also, 
he tests of other teachers, such detail is desirable. In- 
gth of time to be used for the test, Generally the test 
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This is just a bit too vague! To write better completion items, check care- 
fully on irrelevant clues which may indicate or demand the answer logically 
or grammatically. Also, be sure to have all blank spaces of the same length. 

MULTIPLE-CHOICE ITEMS. These provide opportunity to force nicer 
distinctions. What you would wish is a choice among a very large number of 
possibilities, but this is impractical in terms of test length and readihg time. 
Four or five alternate answers is usually a fair compromise which reduces to 
a small factor the likelihood of successful guessing. With four choices, guess- 
ing should net a score of only 25 per cent, and leave a significant range of 
scores from 25 to 100. With five choices, guessing should net only 20 per cent, 
and leave a significant range of scores from 20 to 100. Either alternate is 
superior to true-false questions which have a significant score range of only 
50 to 100, Correction for guessing can be made if desired. 

Some of the more obyious troubles with multiple-choice questions can be 
overcome by noting the following suggestions. 


1. Be alert to irrelevant clues such as frequently putting the correct 
response in the first or last position; having grammatical inconsistency be- 
tween the statement, or stem, and certain answers; having similar or related 
words in the statement and among the answers; making the correct answer 
consistently longer or shorter than the others. 

2. Insofar as practical, use the direct statement form in preference to an 
incomplete statement. Such items are easier to write and will have fewer gram- 
matical inconsistencies. In some instances, the incomplete statement is a 
natural choice, but use it rarely. 

3. Do not use unrelated alternatives as fillers among the incorrect an- 
swers. As we indicated above, all alternatives should be plausible enough to 
catch a few students. If necessary, make up reasonable terms like “chemo- 
globin" and “hemophyll” that might be confused with “hemoglobin” or 
“chlorophyll.” 1f only one or two plausible distracters can be found, use only 
these; or cast the item into a true-false, completion, or matching form. 

4. If you use the alternatives “none of these” or “all of these,” they should 
be the correct response in a fair number of cases. These should not be used 
merely as fillers. 

Commonly we ask students to select or provide the correct answer from 
among others that are incorrect. An inversion of this operation requires the 
selection of the alternate that does not belong to the same group as the others. 
Recasting an item into this “not agreeing” form will almost always increase 
its difficulty. 1I such items are used, be certain that the instructions about the 
item, or group of items, of this type are clear. Jf you plan to use such items, 
and they can be very useful, some practice with them in class would be 
desirable. 


MATCHING ITEMS. ‘These should present two lists of unequal length; 
otherwise by elimination the last pair is a free gift to the student. Keep the 
lists short, say, 5 10 7 items, to reduce searching time required by students. 
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3. A good test contains no ambiguous items. Ambiguity can arise n 
ways. First, the question may be stated in such a manner that the student loes 
not know what ıs wanted. If he does not understand the meaning of the 
question, we never know whether he could have answered it or not, Sean, 
the question may be stated in such a manner that jt does not involve the e 
haviors desired. We then have an answer, but it doesn't mean what it was 
intended to mean. ^ 

4. A good test contains no interdependent items. The answer to question 
2 should not demand a correct answer to item 1. If the items are interdepend- 
ent, then we have fewer honest samples of the student's abilities than we 
have items. In addition, students should not be able to answer correctly a 
question whose answer they do not know because they have had clues from 
responding to a question they do know, This situation arises frequently on 
tests containmg both mulüplechoice and matching items, but it can be 
avoided. 

5. A good test contains only items that discriminate between able and 
less able students. A discriminating item is answered correctly by more of 
the students who get high general scores than by those who generally do 
poorly. We discuss discrimination in more detail in this chapter in the sec 
tion, “Item Analysis,” 

Comments on various types of objective items 

TRICK ITEMS. Testmakers and test-takers have no sympathy for the 
“trick” question which involves a double negative, a minor change in date 
(BC for A.D), wrong units, and the like. They can hardly be claimed as 
testing the major concepts and knowledge of concern in the course. 

SIMPLE QUESTIONS. Simple recall items are basically of the: who, when, 
where, what type. Often they include what are essentially definitions. These 
are items that can be answered concisely, 

TRUEFALSE ITEMS. — These are difficult to write without many qualifiers 
Which often "give away" the answer. Common difficulties in such questions 
are these (and don’t think that students don’t know about them!): 


1. Long statements are usually true, 


2. Qualified statements, “may, often, sometimes,” are usually true. 
3. Statements of classification are usually true, 


4. Statements of cause or reason are usually false. (They are difficult to 
Write as true statements without many qualifiers.) 


5. Very positive statements, “always, never, must,” are usually false. 


With care, many of these common troubli 
COMPLETION ITEMS. 


they require a recall of a sj 
pattern used in class, W] 
question looks like this: 


In 


les can be overcome. 

These often become a guessing game. Too often 
pecific statement from a text or a particular word 
hen many blanks are included in a single item, the 


—— — did 


—— 10 
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discriminating power. We must assume that the test as a whole is appropriate 
(valid). Then we ask to what degree each item in the test contributes to the 
total scores obtained. The simple procedure for this is: 


1. Rank all papers from highest score to lowest score. 

2. Separate out the lowest quarter and the highest quarter of the papers. 
Use only these two sets of papers. 

5. For each item record the number of correct answers in each quarter. 

4. The sum of the counts of correct responses divided by che number of 
papers counted provides an index of difficulty for each item. An "easy" item 
will be answered correctly by 75 per cent or more of the students. An “aver- 
age" question will be answered correctly by about 25 to 75 per cent. A "'diffi- 
cult” item will be answered correctly by less than 25 per cent. This index of 
difficulty can be recorded on the file card carrying the item. Later it will be 
useful to know this when you wish to make up another test. 

5. Comparison of the numbers of students in the “top” to those in the "Iow- 
est” quarter who answered an item correctly shows its discriminating power, 
ie. whether it is helping separate the high-scorers from the low-scorers. While 
we assume that each item will do this, sometimes items do not discriminate 
at all, or they work in reverse. Such items should not be reused until they have 
been modified. If 100 per cent of the “top” students and 75 per cent of the 
"lowest" students get an item correct, it is a good discriminator, but an easy 
question. Similarly, if 40 per cent of the “top” students answer correctly and 
only 5 per cent oi the "lowest" group do likewise, it is a reasonably discrimin- 
ating item, but a difficult one. A simple record such as 100/75 or 40/05 on the 
item card in the test file will indicate this information for future use. 


Often we wonder what makes a certain question effective or ineffective. 
When the papers of the top and bottom quarters of the class have been sepa- 
rated, record the number in each group who chose each of the alternate 
answers, Record also the number who omitted an answer. Now you can see 
Which of the "distracters" or incorrect answers is attracting responses. This 
may be a clue by which your instruction can be modified. If some of the dis- 
tracters of a question are attracting no marks, they might be changed to make 
them seem more likely as answers. Consider these examples: 


1. Inorganic salts may be formed by the interaction of (1) a metal and an acid 
(2) a chloride and an acid (3) glycerine and a fatty acid (4) a metal and a base. 


Responses n o 0 © 
Upper quarter 16 o 19 3 
Lower quarter 2 1 7 5 


This item discriminates against the upper quarter of the students on the test 
as a whole. Answer 3 seems to be the overly effective distracter. A worthless 
question as it stands. 


2. The thermometer (1) probably was first devised by Centigrade early in 
the 16th century (2) actually is never anything more than a constant volume 
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GENERAL. Two final suggestions may be helpful. Try each item on 
someone not familiar with the course; a. wife or friend does well. If they can 
see what the question demands, but cannot answer it without the experience 
of the course, the question is probably clear and valid. Also try questions out 


casually ın class, noting the responses; some of them will provide effective 
alternate answers. 


Test interpretation 


Guessing. Guessing on any objective test will always occur, But authorities 
differ in their recommendations about correcting for guessing, while some 
teachers feel that one should not correct for guessing at all. If you havea true 
false test, half the items would be marked correctly just through guessing. 
‘That is, your useful range of scores is only from 50 to 100. If all students mark 
all items, correction for guessing will not change their rank order: the highest 
will still be highest, and the lowest still lowest. The same is true of multiple. 
choice items, but often not all students attempt all items. Then a correction 
for guessing may be desirable This is readily done through the relation: 


Score = right ~ [ wrong ] 
alternates — T 


Whether or not this correction 1s worth tj 
number of omissions in the test respon: 


group, the correction will make little or no difference in his rank position. 
The number of omissions indicates whether a change of item might be desi: 
able. Generally speaking, however, students do not "omit" responses; they 
prefer to guess, or at least they intend to respond “correctly.” 


Determining the difficulty of a test, To provide you with some indication 


test for a particular class or group of classes, 
is the “middle” score in the distribution, ie, 
hmetic mean score (class average) will probably 
to aid the students in interpreting where they 








be useful, These can be posted 
stood among their classmates, 


that is, measures rather reliably whatever it does measure. Such a coefficient 
15 usually found through the “split halves” technique. This is described in 


Most texts on educational measurements, For well standardized tests, such a 
coefficient wilt generally be around 0.95 or higher, 


ltem analysis, Item analysis can bea complicated operation, and it is when 
used to study a standardized test under devel 


lopment, 
However, there are approximate techniques which can quickly provide 
you with two useful results. These describe the difficulty of each item and its 
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You can see immediately that we are not likely to get exactly a normal 
distribution unless we have a very large number of observations. However, 
most measurements will be distributed in a way close to a normal pattern. 
For the moment, let us assume that a plot of the scores you have are distrib- 
uted in a manner close to this normal pattern. 

Such a distribution is evenly balanced around a "most popular" value; 
that is, the distribution is symmetrical. The middle score is also at the balance 
point, which is another way of saying that the median is equal to the arith- 
metical mean. 

What we want to know is the significance of each separate score within 
the total aggregate. What meaning can we assign to Henry's 84 and to Wil- 
liam's 47? Somehow we need to describe the scatter of the values around the 
mean, Several different quantities may be used to describe the scatter, but tlie 
"standard deviation" is the most popular and most significant. This standard 
deviation (defined more fully in the example which follows) describes the 
width of the distribution; because it is used so often, it is represented by a 
symbol, small Greek sigma, v, or sometimes abbreviated as s.d. As you can 
see from the drawing below, lines cutting the distribution at steps of le, 20, 30, 
etc., cut out different areas under the curve, or different numbers of scores. 
Between —1o and the mean (marked 0), there is 31 per cent of all scores, and 
the same is true between the mean and -lg. You can see why we can say 
that approximately 24 of the scores occur between the limits —]g and 4-1. 
A shade less than M per cent of the scores will he in the zone between Is and 
9c from the mean on either side. Even larger differences from the mean are 
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thermobaroscope (8) ıs an instrument that gives a direct reading of the quanuuy 
of heat in any object (4) is an essental instrument in carrying out the calor 
metric method of constant heat supply. 


Responses 0 e eo e 
Upper quarter 1 3 0 32 
Lower quarter 0 2 9 5 


A highly discrimunating item favoring those with high scores on the total test. 


4 brief look at the interpretation of test scores 


Because teachers, especially science teachers, are often involved in the 
interpretation of test scores of various types, we include this brief look at the 
meaning of scores and the interpretation of the results of standardized tests. 

When you have given a test and scored it, you have a number on each 
test, This number has meaning, as you expected; otherwise you would not 


have bothered to give the test. But what and how much meaning it has depends 
upon what you do with the scores. 


The simplest operation is 
This gives the order in which 
not be enough. 

You will have noticed, however, 
before you, that a few have very higl 
the rest are scattered around some mi 


to rank the tests from high score to low score. 
the pupils achieved. But this information may 


if you have a goodly number of papers 
h scores, a few have very low scores, and 


iddle score. That is, there is some central 
tendency of the scores. Some measure or description of this center is useful for 


comparing this group of papers with other groups. Two types of descriptions 
are most commonly used, One is the median, which is the score of the middle 
paper when papers are ranked from high to low. If there are 101 papers, the 
median is the score of the 51st paper in rank, Another, often more useful, 
description of this center is the arithmetic mean. It is obtained by adding 
together all the scores and dividing the sum by the number of scores, 

Even more useful information can be obtained from the set of scores, if 
we make one assumption: that the Scores are distributed in a particular pat: 
tern known as the normal distribution. This distribution pattern occurs in 


lly measure lengths or weights many 
result each time, A few observations 
others will differ on the low sides 


times, we find that we do not get the same 
will differ considerably on the high side; 
but most will be clustered around some central value, Likewise, if we meas 
ure the heights of men being inducted into the Army, we find some very tall, 
some very short, but most about “average.” A graph of the frequencies of these 
observations has a bell shape call 


led the “normal cune,” sometimes known as 
the “error curse” or the “Gaussian distribution.” 


The advantages of finding observations that fit this distribution are great, 


ase many mathematical operations can be carried out on “normal dis- 
tributions” which are described by a particular type of equation. 
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test is not valid for your use, and you should not compare your students to the 
group which was used in the standardization. As we noted earlier, students are 
being taught more science now than in former years, so their knowledge may 
be greater than that of those used some years ago to establish a “norm.” If 
this is the case, more than half the teachers using the test will find that their 
class averages above the norm. While this might make each of us feel happy, 
it would not be an honest comparison, 

IF the test is one which would be appropriate for children in several 
different grades, as for example the ster (Sequential Tests of Educational 
Progress) series in science,‘ we would not expect children in grade 10 to score 
as highly as those in grade 12. Then separate means and standard deviations 
are derived by the test-maker for each grade. The teacher is provided with a 
table or chart by whích each of the original, or "raw," scores can be inter- 
preted in terms of its position among those of the standardizing group. 

Another way of handling such a test is to interpret the raw scores in terms 
of a scale of mean scores that rise with the grade. Thus, in Chapter 9 the 
arithmetic and reading test scores of certain children in the ninth grade 
were recorded as equal to the mean of the typical student in the twelfth grade, 
or as “12.0 in the ninth grade.” 

A note of caution. The normal curve and the mathematical operations 
applicable to it can be applied only to scores which are not limited by a set 
top score, eg., 100% on a test. In other words, the test must be sufficiently 
difficult, so that practically no one gets all the items correct; but all should 
get some items right (none score zero). Such a test cannot have an arbitrary 
"passing score” unless the test items are carefully tailored in difficulty to 
permit the test-maker to assert that a desired percentage of the population 
will score higher. As examples of these different approaches, compare the 
College Entrance Examinations, reported on a scale from 200 to 800 for inter- 
pretations by the colleges, with the New York State Regents Examinations, on 
which a score of 65% or higher is a “pass” and lower is a “fail.” In the latter 
type of test the majority of scores are crowded within the range 65 to 100, 
with quite a few probably actually at 100% and the mean score probably near 
80%. Such a test does not distinguish well among the more able students, but 
seems intended only to identify the less able. What level of difficulty and dis- 
tribution of scores will be used in a test depends greatly upon the use to which 
the results are to be put. 

An example. While standardized tests, by their very name, have scales and 
tables for the interpreration of cach srudent's raw scores, sonvetimves teachers, 
wish to derive the mean and standard deviation of a test they have given. We 
therefore present an example of how such numbers are obtained, 

A test has been given to 60 students. The raw scores range from a low 
of 51 to a high of 93. While we could work with the individual raw scores 
(as described above), we can male Jife much easier and introduce very little 





‘Educational Testing Senice, Princeton, N. J. 
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less likely, and only one score in 700 will differ from the mean, on the high 
ide or the low side, by more than $c. 
y- If we start with the low end of the distribution and add up the per 
centages of scores with values less than each g mark, we find: : 
-5 E -le Mean +e 426 0) 

Toot oan on 2 16 50 B8 98 999 
When we use a scale based on standard deviations, we can obtain not only the 
rank of a particular score among the total group, but also the percentage of 
students who scored lower. ; 

Sometimes, because a little arithmetic is needed to obtain the numerical 
value of the standard deviation (see, “An example,” which follows), teachers 
fail to appreciate the information they would have if they did interpret scores 
i terms of standard deviations. Notice that different tests will have different 
mean scores because some tests are more difficult than others. Each test is also 
likely to have a different standard deviation for a representative group of 
students. How can Johnny's score on one test be compared with Tom's on 
another test? If we use standard deviations, we might find that Johnny scored 
higher than 98 per cent of a large group of students, while Tom scored higher 
than only 16 per cent. In this Way scores based on standard deviations can 
be intercompared. We might also say that Johnny scored at +2o and Tom 
at — Ig. Such scores are often called “standard scores,” or, for short, zscores. 

Standard scores have one disadvantage: they involve both plus scores 
(above the mean) and minus scores (below the mean) To avoid this, another 
type of score is sometimes used, the “£ score,” As you can see from the illus- 
tration, the mean score on this scale is taken as 50 and the standard deviation 
as 10 points. Then a standard score of -3g becomes 20 (j.e., 50 — 8 x 10) on the 
t scale, while one of 4-25 becomes 70 (ie, 50 +2 xX 10). 


The scores reported on the Graduate Record Examination and those on 


e 200-800 range is exceedingly small, and 
person did, respectively, very poorly or 
exceedingly well on the test. If a Pupil scored 550 on the Scholastic Aptitude 
he mean of the group, or that he scored 
(o took the examination. If, however, his 


score was 450, or X below the mean, he scored higher than only 31 per cent 


of those taking the test. 


Test “norms.” To enable a teacher to com; 


a large population of other students in other 
have published “norms.” These are sim 
and the distribution around the m 
Significance to a 
large, 


pare his group of students with 
schools, most standardized tests 
ply a description of the mean score 
ean for a large group of scores. To have 


particular teacher, the comparison group must have been 


Well distributed geographically, and comparable to his students. Of 
course, if your course stresses aspects quite different from those in the test, the 
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TABLE 20-3 Calculating the standard deviation 











Column 1 Column2 Column} Column4 Column$  Column6 Column? 
MIDDLE. 
SCORE SCORE, FREQUENCY, 

INTERVAL E 1 Sf as (492 fas 
90-94 92 3 2:6 20 400 1200 
85-89 87 4 318 15 295 900 
8081 82 6 492 10 300 600 
T7579 7 8 ste 5 25 200 
7074 R 15 1080 o 0 0 
65-69 67 10 670 5 25 250 
60-61 62 7 434 10 100 700 
55-59 57 4 228 15 225 900 
50 54 52 3 156 20 400 1200 
Total 60 4300 5950 
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for a test, we suggest that you do; then you will have a better understanding 
of what is meant by the scores reported or obtained from a standardized test. 

Certainly there are many operations and niceties of statistical investiga- 
tion which we have avoided, If you are interested ín exploring into further 
possibilities like correlations between tests, derivation of reliability coefficients, 
tests of the significance of the differences between tests, we encourage you to 
consult one or more books like those listed at the end of Chapter 19. 
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error, 1f we group the scores within smal! intervals. Let us take score intervals 
of 5 points to create 9 or 10 score groups, By a simple tally.count we find the 
indicated frequency distribution of the scores, For ease in computation we 
also find the middie score in each score interval, and treat all scores in each 
group as though they had this middle score; ie., 72 represents the group 
scoring between 70 and 74. ] 

By definition the mean score is simply the total of all scores divided by 
the number of scores For each score interval we multiply each middle score, 
S, by the number of scores in that interval, f, and add all these together. Then 
divide this total score by the number of scores, 60, and we have the mean 
score, Tor our example, these arithmetical operations can be done mentally or 
wath scratch paper. IE large numbers are involved, a desk computer or an adding 
machine may be helpful. The mean score comes out as 71.6 (see Table 20-8). 
This is so close ta 72 that we can use 72 as the mean without serious error. 

To find the standard deviation, we proceed as follows (see Table 20-3) 


1. Find the difference (deviation) between each score (Column 2) and the 
mean (previously calculated). This difference, called AS, is given in Column 5. 

2. Square each AS value; (AS)? values are given in Column 6. 

5. Multiply each (45)? value by the number of times that score appeared, 
Í (Column 3). Values for f(AS) are given in Column 7. 

4. Add up the column of (AS)? values, 

5. Divide this sum by the total number of scores (total of Column 3). 

. Take the square root of this number. This is the standard deviation 


‘The standard deviation in our example comes out (not entirely by accident) 
as ten points, 


‘The standard deviation can be defined operationally as the square root of 
the average of the weighted sum of the squares of the deviations. The ra- 
tionale of this process can be found in texts in statistics (see the end of Chap- 
ter 19); we have presented just the bare bones, 

Although the original distribution of 


g scores in Table 20-3 was not exactly 
a normal distribution, it was fairly near, 


ge and about equally balanced wings on the high and 
low ends. We would expect 24 of the scores to lie in the range 72 + 10, or be- 


tween 82 and 62. We do find that 39 or 40 scores out of 60 are within this range. 
of the 60 at or above 72 + 2-10 = 92, There are, 
+ which is just over 2g below the mean. 
If we wanted to, we could change each score into a “standard score,” z 
by subtracting 72 from it and dividing by 10. These zscores could be turned 
Into ! scores by the relation: ¢ score = 50+ 2-c, or in this case: ¢ = 50 +210. 
The relationships among these various scores are shown in the illustration. 
Not many teachers are likely to perform even these operations for a test 
they give only once. But if the same test is given in variou: 
classes, or to classes o! 
basis of comparison 


s years, or to several 
I different. teachers, or to classes in different schools, some 


is useful. If you hase never worked out such scaled scores 
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The need for scientists 


For our lifetime and thereafter, we shall need scientists. We shall also 
need those who are not to become experts in science but upon whom our 
scientists depend for sustenance and collaboration. Yes, collaboration, because 
scientists are not islands; they work in a society which must nurture them, 
understand them, sustain them, and bring their basic researches to fruition. 
"This is true, too, with artists. 

Considerable attention is being given to the process by which a child 
develops a career pattern which takes him into science or science teaching. 
While much remains to be learned about this process, at least some character- 
istics are clear. 


1. Practically all young children are curious about the world around them. 
If this general curiosity is developed into an interest, they may consider a career 
in science. The development of such an interest stems from opportunities for 
satisfying personal activity. 

2. In the early adolescent years, grades 6 to 9, many children will exhibit 
Or express interest in a possible career in science or technology. Rarely is this 
a stable commitment, but the experiences they have during these years may 
continue and solidify their interest, or may turn them away from elective science 
courses to come later. For this reason, the approach to science in these grades 
is critical—even more critical than the particular materials considered. 

3. After the elective courses in high school are reached, relatively few 
students will enter the pool of potential scientists, The nature of the school 
program and the desirability of a sequential program in mathematics operate 
against picking up many who were previously uninterested in science. There 
fore, the maximum number must be kept willing to consider the possibility 
of a career in science. Once they count themselves out of science, there is little 
hope of recapturing their interest. Too many other areas of study and work 
are competing for their attention and successful accomplishment. 

4. Many of those in the potential scientist pool will, during high school, 
shift to other interests as they see varied opportunities for careers in the adult 
world. Thus, the number in this pool will continue to shrink. 

5. As we indicated in Chapter 9, The Science Prone, many, but not all, of 
the potential scientists will be among the academically most able in the school. 
High LQ. score will mark those who may continue on as research scientists, but 
many others of lesser ability can find a niche somewhere in the field of science. 

6. Among even the most able, high 1.Q. score and interest are not sufficient 
predictors. Many emotional and home factors influence the child. Of 306 chil- 
dren who chose (it was entirely voluntary) the advanced science program at 
Forest Hills High School, including 4 years of mathematics and additional 
laboratory work on individual projects, only about half hase continued toward 
careers in science (research, medicine, engineering). 

7. In college only about half those who enter intending to major in science 
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CHAPTER 21 


Appraising the teacher's role: 


Supply and demand in science 


A note at the beginning: We begin with two pictures of the nature of the scien- 
Ust and, by direct implication, of science teaching: one 


negative, one positive, Both are composites, and both are by 
students. 


Tur wrcATNWE] The scientist neglects his. family—pays no 
attention to Jus wife, never plays with. his children. He has no 
social life, no other intellectual interest, no hobbies or relaxa- 
tions, He bores his wife, hts children and their friends—for he has 
no frends of his own or knows only other scientists—with ancessant 
talk that no one can understand; or else, he pays no attention, of 
has secrets he cannot share, He ts never home. A scientist should 
not marry No one wants to be such a scientist or to marry him. 

Tue rositive. The scientist as a very intelligent mee 
genius or almost a genius, He has long years of expensrue training 
xin high school, college, or technical school, or perhaps even 
beyond, during which Ae studied very hard. He is interested m his 
work and takes it seriously. He is careful, patient, devoted, cour- 
ageous, openminded 

He i5 a dedicated man who works not for money or fame or 
self glory, but—like Madame Curie, Einstein, Oppenheimer, Salk 
—for the benefit of mankind and the welfare of his country. 


One cannot claim, of course, that science teachers are 


solely responsible for the picture delineated in the study. 
After all, the children are in school for less than half their 
waking hours for half the days of the year for only a few 
years. Science teachers have the pupils only a modest frac- 
tion of even the school day. So we should not credit them 
with, or blame them for, all the faults or accomplishments 
of society. Yet the science teacher is the major person who 
can do something about setting the picture as right as it cn 
be. He is the link between science (and scientist) and his 
students. He is often the only link, 

—— 


2 Margaret Mead and Rhoda Métraux, 71 igh School Stu- 
dena Pit study." Seema iano “Aug Weep the Sclenust Among THigh School 


i is n is quoted in 
Jull in tha chapter, begining on p. 451; ts Preem amoran inating audy is qu 
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creative intellectual work by scientists is seen clearly, our image of him is blurred 
by the technical procedures through which scientific ideas are applied. 

The intellectuc! side. The general philosophical impact of science upon 
how we look at the world and man in it is also shaped by scientific discoseries 
and ideas. The Copernican proposal of a sun-centered system of the planets 
touched off, or fitted into, the intellectual revolution of the Renaissance. This 
had a great impact upon philosophical and theosophical ideas. Newton's concept 
of universa] gravitational attraction between every particle was translated by 
Locke and then applied by Paine and Jefferson in the political sphere. Classical 
physics, which involved a “determined” world, fitted with the political and 
economic concepts of past times. As yet “modern physics,” with its emphasis on 
quanta and probability, has not permeated the thinking of most people, but it 
probably will. Certainly the theory of evolution had 3 major social impact, and 
so did the theory of relativity. 

There was a time when science (as natural philosophy) was part of every 
"educated" man's education, when "sciencing" was just one of the activities of 
thinking people. As the field grew, and as technology seenied to obscure theory 
in the minds af many. science was divorced from the rest of the "liberal arts." 
And it has not yet been readmitted to full, respectable status among our 
intellectuals. 

Nowadays, when everyone is aware of the strategic importance of science, 
will this trend reverse? As more young people study science, will they think 
only in terms of the obvious, practical applications of science? Or will they 
come to Know also the philosophical base of science, "what it's all about," the 
joys of this particular kind of intellectual and creative endeavor? 

What picture do high schoal students today have of science and scientists? 
In a study ? of over 300 young people who intended 10 make a science their 
carcer, 285 wrote essays which parallel closely the positive image of the scientist 
presented on p. 418: indeed, they were even more favorable, if not more realis 
tic. But this is to be expected of those who intend to live as scientists. 

What of those who do not plan to become saentists? What of those upon 
whom scientists depend for support: What of those young people, in the vast, 
vast majority, who tend not to become scientists, those upon whom the science 
teacher depends for his support? Toward an indication of the kind of perspec- 
tive in which this image of the scientist tends to be built up, we quote in full 
a study by Mead and Métraux. Note carefully the qualifications which the 
authors of the study hase set up and the nature of their conclusions. 


A portrait of the scientist—by high schoo! students” 


Prefatory note [by the editors of Science] 
‘There is a great disparity between the Large amount of effort and money 
being devoted so interesting young people in careers 25 scientists or engineers 


?P. ¥. Brandaein. unpublished work. d : 
3 Margatet Mead and Rhoda Métraux, op. at. pp. 32608, Quoted in full, by permision, 
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do graduate with such a major Engincerimg schools also graduate only about 
half of their cnteting classes. Even im college the commitment to science is not 
rm or the student 1» not successful, with the result that the potential scientist 
pool shrinks vet more After the freshman year in college very few students 
shift mete a science program, while many shift out. 


Essentially chen we have, from the tenth grade onward, a steady decrease 
in the number seriously considering science as a possible career. To increase the 
number eventually committed to science requires an increase of the number 
who are not antescience in. the carly grades. We must teach so that the time 
of a decision is postponed as long as possible and is based on relevant experience 
and knowledge, This places a great responsibility on teachers, particularly on 
those in the elementary and junior high schools. This does not mean, we 
repeat, teaching the content of physics, chemistry and biology in the lower 
grades; it does mean, we think, that methods of teaching science need be im- 
proved so that more young people of abitity try science in the later grades and 
in colleges. This book has been concerned with these methods. 


The need for citizens prepared to live 
in a scientific world 


Science teaching does not begin or end with the "production" of scientists. 
Tn tlus country there are now about 2 million people classed as professionals, 
and these include I million scientists, doctors, engineers, science teachers, den- 
tists, and nurses. Our total population is more than 170 million, and by 1975 
1t will be close to 200 million. All these people live in a world where: 


During the first half of this century some 25 years have been added to the 
average life span of the children born în the U. S. 
During the first half of the century man has taken to the ai 


country which in 1900 took nearly 175 hours is now 
and sunset. 





a trip across 
completed between sunrise 


During the first half of the century everything man wears and eats has been 
improved by scientific work. 
During the first half of the century there has been a major revolution in 


our most fundamental ideas about the universe, and the beginning of such a 
revolution in our understanding of life itself, 


During the second half of the century??? 

The material side. We are all heavily dependent upon, and indebted to, 
Past performances of scientists. Our land occupies only 6 per cent of the earth's 
surface and has some 7 per cent of its population. Yet we own 31 per cent of 
all radios and television sets, use 58 per cent of the world’s telephones, and 
drive 76 per cent of the world’s automobiles. We produce 40 per cent of all the 
World's electrica] power and Publish 27 per cent of the world's newspapers. 
Clearly the scientist is behind all this. Unies in school the significance of 
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Objectives. Our specific objectives in this study were to learn the following. 


1. When American secondary-school students are asked to discuss scientists 
in. general, without specific reference to their own career choices or, among girls, 
to the career choices of their future husbands, what comes to their minds and 
how are their ideas expressed in images? 

2. When American secondary-school students are asked to think of them- 
selves as becoming scientists (boys or girls) or as married to a scientist (girls), 
what comes to their minds and how are their ideas expressed in images? 

3. When the scientist is considered as 2 general fgure and/or as someone 
the respondent (that is, the student writer) might like to be (or to marry), or, 
alternatively, might not Itke to be (or to marry), how do (a) the positive responses 
(that is, items or phrases, not answers) cluster, and (b) the negative responses 
(that is, items or phrases) cluster? 

4. When clusters of positive responses and clusters of negative responses are 
compared and analyzed, in what respects are the two types of clusters of responses 
(a) clearly distinguishable, and (b) overlapping? 

5. Is a generally positive attitude to the idea of science, an attitude which 
‘we are spending a great deal of money and effort to create, any guarantee of a 
positive attitude to the idea of science as a career? 


Selection of respondents. Two separate samples of respondents were used in 
the study: sample A, a nation-wide sample of high schools, and sample B, a 
sample of high schools with widely diferent economic and educational charac- 
teristics. 

Sample A consisted of 132 public high schools (including one jumor high 
school) that were selected from schools associated with the Traveling High- 
School Science Library Program sponsored by the National Science Foundation 
and administered by the American Association for the Advancement of Science. 
Of these, 118 were drawn from the high schools that participated in this pro- 
gram, and an additional 14 from schools that qualified for the program but 
could not be included in it. 

Sample B consisted of 13 special schools: four parochial schools, eight 
Preparatory schools, and one public science high school. All these were from the 
eastern seaboard, selected to provide contrasts in educational and economic 
level to the smaller public high schools in the nation wide sample (sample A). 
Sample B was collected after the homogeneity of the nation wide sample had 
been ascertained. 

The total enrollment of the schools parucipating in the study was 48,000. 
Schools with an enrollment of less than 300 students were asked to have each 
student complete one form; schools with an enrollment of more than 300 stu- 
dents were asked to complete $00 forms. The total sample {sample A and 
sample D) is drawn from the essays written by approximately $5.000 students, 
and the essays were kept together by the class, grade, and school from which 
the essays came. 

‘The sample was randomized by drawing envelopes of these replies in groups 
that included three schools in one state, or three tenth grades, or all the sepa- 
tate classes in three schools, so that no essay was ever separated [rom the context 
in which it had been written. 

Data gathering instruments, We asked cach highschool student respondent 
to write a brief essay on a topic set by an incomplete sentence which was printed 
at the top of a page, on which provision was abo made for giving the school, 
the grade, the class of section, the age, and sex of the respondent. 

Three diferent forms were constructed, each with a diferent incomplete 
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and the small amount of information we have on the attitudes those young 
Seple hold toward science and scientists The Board of Directors of the AMS 
has on several occasions discussed this disparity and the desirability of leaming 
more about what high school students. actually think of science and scr 
This paper is one result of those discussions Hilary Deason, director of ie 
association's Fraveling High School Science Library Program, made all of the 
arrangements with the hagh schools and supervised the collection of the stw e 
essays Ihe analysis of those essays and the preparation of this report were ie 
responsibilty of the two authors, Margaret Mead and Rhoda Métraux, id 
Mead is associate curator of anthropology, American Museum ol Natural His 


tory, New York, and Dr. Métraux is a research fellow at Cornell Medical College. 
New York 


IMACE OF THE SCIENTIST AMONG HIGI SCHOOL 
STUDENTS—A PILOT STUDY 


Margaret Mead and Rhoda Métraux 


This study is based on an analysis of a nation-wide sample of essays written 
by hugh school students in response to uncompleted questions. The following 
explanation was read to all students by each administrator. “The American 
Association for the Advancement of Science,* a national organization ot scien 
tists having over 50,000 members, is interested in finding out confidentially what 
you think about science and scientists. ‘Therefore, you are asked to write in 
your own words a statement which tells what you think. What you write is con 
fidentiat, You are not to sign your name to it, When you have written your 
statement you are to seal it in an envelope and write the name of the schoo! A 
the envelope, This is not a test in which any one of you will be compared wit 
any other student, either at this school, or at another school, Students at more 
than 120 schools in the United States are also completing the statement, and 
your answer and theirs will be considered together to really find out what all 
high school students think as a group of people." Ae 
In general, the study shows that, while an official image ol the scientist- 
that is, an image that is the correct answer to give when the student is asked to 
Speak without personal career involvement-has been built up which is very 
Positive, this is not so when the student's personal choices are involved. Science 
in general is represented as a good thing. without science we would still be 
ving in caves; science is responsible for progress, is necessary for the defense of 
the country, is responsible for preserving more lives and for i proving the health 
3nd comfort of the population. However, when the question. becomes one of 


Personal contact with science, as a career or invohing the choice of a husband, 
the image is overwhelmingly negative, 

This ts not a study of what proportion of high school students are choosing, 
or will eventually choose, a scientific career, It isa study of the state of mind of 
the students, among whom the occasional future scientist must go to school, and 
Of the atmosphere within which the science teacher must teach. It gives us a basis 
Tor re examining the way in which science and the life of the scientist are being 
Presented in the United States today. 


To control any possible influence whi 
have, part of sample B was collected wihoe 
Ta the formulation of the 

e 











ich the wording of this statement might 
reference to the association No difference 
replies was found when the association was mentioned 20 
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Objectives, Our specific objectives in this study were to learn the following. 


1. When American secondary-school students are asked to discuss scientists 
in general, without specific reference to their own career choices ot, among girls, 
to the career choices of their future husbands, «hat comes to their minds and 
how are their ideas expressed in images? 

2. When American secondary-school students are asked to think of them- 
selves as becoming scientists (boys or girls) or as married to a scientist (girls), 
what comes to their minds and how are their ideas expressed in images? 

3. When the scientist is considered as a general figure and/or as someone 
the respondent (that is, the student writer) might like to be (or to marry), or, 
alternatively, might not like to be (or to marry), how do (2) the positive responses 
{that 1s, stems or phrases, not answers) cluster, and (b) the negative responses 
(that is, items or phrases) cluster? 

4, When clusters of positrve responses and clusters of negative responses are 
compared and analyzed, in what respects are the two types of clusters of responses 
(a) clearly distinguishable, and (b) overlapping? 

5. Is a generally positive attitude to the idea of science, an attitude which 
we are spending a great deal of money and effort to create, any guarantee of a 
positive attitude to the idea of science as a career? 


Selection of respondents. Two separate samples of respondents were used in 
the study. sample A, a nauon-wide sample of high schools, and sample B, a 
sample of high schools with widely different economic and educational charac- 
teristics. 

Sample A consisted of 182 public high schools (including one jumor high 
school) that were selected from schools associated with the Traveling High 
School Science Library Program sponsored by the National Science Foundation 
and administered by che American Association for the Advancement of Science. 
Of these, 118 were drawn from the high schools that participated in this pro- 
gram, and an additional 14 from schools that quahficd for the program but 
could not be included in it. 

Sample B consisted of 13 special schools. four parochial schools, eight 
Preparatory schools, and one public science high school. All these were from the 
fastern seaboard, selected to provide contrasts im educational and economic 
level to the smaller public high schools in the nation wide sample (sample A). 
Sample B was collected after the homogeneity of the nation wide sample had 
been ascertained. 

The total enrollment of the schools participating in the study was 48,000. 
Schools with an enrollment of less than. $00 students were asked to have each 
student complete one form, schools with an. enrollment of morc than 300 stu 
dents were asked to complete $00 forme The totl sample (sample A and 
sample B) is drawn from the exays written. by approximately $5,000 students 
and the essays were kept together by the claw. grade, and school from which 
the essays came. 

‘The sampte was randomued by drawing emelopes of there replies in groups 
that included. three schools in one state, or three tenth grades, of all the sepa 
Tate clawes an tbree schools, so that no esay Kas ever separated from the context 
in which it had been written. 

Data gathering inutruments. We asked cach high school student respondent 
to write a brick enay on a topic set by an incomplete sentence which wae printed 
at the top ol a page, oa lich. proviuon. wat also made. for giing the shoot, 
the grade, the class or section, tbe age, and scx of the respondent. 

Three different forms were constructed, each with 2 different incomplete 
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and the small amount of information we have on the attitudes those young 
people hold toward science and scientists. The Board of Directors of the AAAS 
has on several occasions discussed this disparity and the desirability of learaing 
more about what highschool students actually think of science and scientsts 
‘This paper is one result of those discussions. Hilary Deason, director of the 
association's Traveling High-School Science Library Program, made all of the 
arrangements with the high schools and supervised the collection of the students 
essays The analysis of those essays and the preparation of this report were the 
responsibility of the two authors, Margaret Mead and Rhoda Métraux. Dr. 
Mead 1s associate curator of anthropology, American Museum of Natural His 


tory, New York, and Dr, Métraux is a research fellow at Cornell Medical College, 
New York, 


IMAGE OF THE SCIENTIST AMONG HIGH SCHOOL 
STUDENTS—A PILOT STUDY 


Margaret Mead and Rhoda Métraux 


This study is based on an analysis of a nation wide sample of essays written 
by high-school students in response to uncompleted questions. The following 
explanation was read to all students by each administrator. “Che American 
Association for the Advancement of Science,* a national organization of scien 
tists having over 50,000 members, s interested in finding out confidentially what 
you think about science and scientists ‘Therefore, you are asked to write in 
your own words a statement which tells what you think, What you write is con- 
fidential. You are not to sign your name to it, When you have written your 
statement you are to seal it in an envelope and write the name of the school on 
the envelope. This is not a test in which any one of you will be compared with 
any other student, either at this school, or at another school. Students at more 
than 120 schools in the United States are also completing the statement, and 
your answer and theirs will be considered to; 


s gether to really find out what all 
high school students think as a group of people.” 


In general, the study shows that, while an offical image of the scientist 
that is, an image that is the correct answer to give when the student is asked to 
speak without personal career involvement-has bcen built up which is very 
Positive, this is not so when the student's personal choices are involved, Science 
qi Eeheral is represented as a good thing: without science we would sull be 
living in caves; science is responsible for progress, is necessary for the defense of 
the country, is responsible for preserving rore lives and for improving the health 
and comfort of the population. However, when the question becomes one of 
persona? contact with science, as a career or involving the choice of a husband, 
the image is overwhelmingly negative. 

This is not a study of what proportion of kigh school students are choosing, 
or will eventually choose, a scientific career, 1 is a study of the state of mind of 
the students, among whom the occasional future scientist must go to school, and 
Of the atmosphere within which the science teacher must teach. It gives us a bast 


Tor re-examining the way in which scienc. 
e and the h e bem 
Presented in the United States today. EIE Ut ee : 
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wide set of images—rather than of answering questions on which or how many 
students may be expected to respond in a given way—a qualitative study is 
preferable. 

The identification of the pattern in any large sample of essays and of the 
cognitive and emotional processes which underlie the attitudes reported by indi- 
viduals 1s best accomplished by trained behavioral scientists. Because any one 
analyst, no matter how well trained, may have some blind spots and biases, and 
because analysts differ in their types of disciplmed perception, we had six dif- 
ferent analysts work independently with six subsamples of the total sample 
drawn from different states. Because one kind of material may be more useful 
than another in outhning a given area, we used—in addition to the essay samples 
from the 35,000 students—a variety of other kinds of materials as well. 

We are assured that we have identified important themes in the material 
by the multiplicity of independent analyses and by the use of a variety of data. 
We are assured of the «alidity of our conclusions by a comparison of the inde- 
pendent work of the analysts and by the agreement on materials from different 
parts of the country. 

Stages in analysis and validation. The stages in analysis and validation were 
as follows, 


1. Sets of data were drawn from the main corpus by envelopes of answers, 
each set consisting of from 200 to 500 protocols, afl from one state and including 
envelopes of answers to all three forms. Each of the six senior consultants was 
given a set of data They worked in complete independence of one another until 
they met in conference to pool their results in discussion. This discussion was 
transcribed. The discussion indicated that the analysts were in agreement on the 
homogeneity of the atutudes found in the materials from different sections of 
the country. On the bass of this preliminary working of the material from 
sample A, further collections for sample B (including provision for a control 
on the use of the words American Association for the Advancement of Science) 
were planned and amed out 

2. A detailed pattern analysis was performed on 1,000 essays, chosen to 
represent both the homogeneous nation-wide sample ol public schools (sample 
A) and the highly diversified schools (sample B). This analysis of responses (that 
is, items, phrases) both checked on the patterns identified by the senior analysts 
(among whom was included the analyst who made the detailed pattern analysis) 
and provided additional understanding of the patterns. 

In making this analysis, essays from classes and schools were still kept to 
gether, so that cach respondent could be placed and each essay could be placed 
within the major preoccupations of a class or a school. So some schools provided 
particularly clear material on the dichotomy between science as 2 subject for 
teudy and the personality of the scientist, or on ways in which an increasing tense 
of inadequacy was reflected in the rejection of science as a career. Everywhere 
it was possible to follow the divergent interests of boys and girls—as with the 
boyy’ interest in an active outdoor hfe and the girls’ interest in the humanitarian 
aspects of medicine—but there were underlying assumptions shared by both 
sexes, such as the great importance of personal interests as 2 basis for career 
or marriage choice. 

$. Fourteen graduate students were asked to report on smaller independent 
samples of essays. Graduate students were also enlisted to make collections of 
Visual materials related to the image of the scientist in the culture of the United 
States today, Examples of this collection are Mlustrations from selected. perjodi- 
tals which present images of scientists, children’s drawings made in response to 
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sentence. Each of thee three sentences was chosen to elicit one major aspect of 
the image of the scientist. i 

Only one form was used m any one schoolt but the forms were so dis 
tributed that each form was used by at Jeast one school in each state. These 
three forms are as follows 


Form 1 Complete the following statement in your own words. Write at least a 
full paragraph, but do not write more than a page. 
When I think about a scentist, 1 thenk of 


Form I: If you are a boy, complete the following statement in your own words. 
If P uere going to be a scientist, E should like to be the kind of scientist who 
If you are a girl, you mw complete either the sentence above or this one, 


TJ T were going to marry a sctentsst, 1 should like to marry the kind of seen- 
ust who 


Form HI: Y you are a boy, complete the following statement in your own words, 
IJ I were going to be a scientist, I would not tke ta be the kind of scientist 
who 

If you are a girl, you may complete esther the sentence above or this one. 


Af T were going to marry a scientist, [would not like to marry the kind of 
scientist who 


Use of the three forms made it possible to distinguish between answers giv- 
ing official versions of the image of the scientist and those involving the respond 
ents personally, and the use of two forms of the personal question provided 
material on the links between negative and positive images, since many answers 
included responses relevant to both. Experience has shown that the way in which 
a question is phrased—that ts, with a positive or with a negative emphasis- 
affects the phrasing of the answers by the respondents, 


Analysis of material and problems of validation. ‘This study is based on 
qualitative data. The material reflects the way individuals feel and think about 
2 subject, as well as whether they will answer questions about the subject in the 
affirmative or the negative. The use of quantitative data, gathered primarily to 
count the number of individuals in any given group who will respond in one way 
or in another, is the more desirable technique when one is interested in whether 
individuals will agree or disagree with some stated opinion, rather than how they 
feel or why they feel as they do. The check marks or brief responses gathered 
by quantitative studies are generally too sparse in the expression of feeling and 
imagery to permit the definition, or the redefinition, of shared attitudes; in such 
studies, attitudes which are assumed to exist are built mto the questions, 

The relative value of qualitative and quantitative atudics has been debated 
n the behavioral sciences for some me. A resolution generally accepted at the 
Present time is that the qualitative study is the method of choice for generating 
hypotheses, and the quantitative study the method of choice for testing by- 
Potheses 3 When the problem is one of delineating a shared aspect of a society- 


iim sux of the schools included ín sample B, all three formeto be axed by 
different classes—were sent to the same school. 

i There are a number of different quantitative studies of the broader subject 
Seder way: those directed bv HT HE Remmers in the Division of Faneatronal Reterenee 
3t Pardue Unnersity, on high-school students’ attitudes toward science; a study at the 
Survey Research Center at the University of Michigan on attitudes of the public toward 
sence writing, to studies under the Science Manpower Project at Teachers College, 
Columbia University, one by Hugh Allen, on “Attitades Too seat Sie chen Colete 

reers A Research New Jersey [igh School Seniors," and a second by 





orange of Donald Michael of Dunlap Associates, Stamford, will also cover some 
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Sdence means doing and makmg: hard work—-not imagination—is the source of 
knowledge and the means of accomplishment. 

The focus of science is upon the present. The past is important only as it is 
left behind (without scence we would still be tring in caves) and the future as 
a foreseeable goal (when we find a cure for heart disease, see if there is life on 
Mars, discover new fuels . . . ). But as the past closes in behind us, the future 
opens to the curious (there is sit! so much to discover) into the yet unknown. 

In thinking about science, different sorts of linked images occur which may 
be bracketed together when science is rejected or may be included when posi- 
tive preference is expressed for one of a pair. So, science may be theoretical or 
applied, and either of this pair can be seen as more of a whole and be accepted 
(that is, the man in the laboratory is visualized as working through the whole 
problem; or the engineer can see the finished road), while the other is seen as 
partial and is rejected (that is, the engineer is visualized as working only on the 
end-product; or the man in the laboratory never sees the plan carried out). 
Likewise, science can be carried out sn the laboratory or in a far away place; it 
may involve large-scale action (traveling, digging, exploring, constructing, flying 
through space. , ) of the skills of fine detail (gazing through a telescope, por- 
ing over a microscope, dissecting, sohnng equations . . . ), The goals of science 
may be humanitarian (working to better mankind, finding cures, making new 
products, developing programs for atoms for peace . . . ), or, in contrast, they 
may be either individualistuc (making money, gaining fame and glory ... ) or 
destructive (dissecting, destroying enemies, making explosives that threaten the 
home, the country, or all mankind. . ). 

Since, by implication, science is the source of unlimited power, its practi- 
tioners should have the highest and the most selfless motivations to use only its 
constructive possibilities only constructively—for the welfare of their country and 
the betterment of people, the world, and all mankind. 





The scientist: the shared image || 


The scientist ıs a man who wears a white coat and works in a laboratory. 
He is elderly or middle aged and wears glasses. He is small, sometimes small and 
stout, or tall and thin. He may be bald. He may wear a beard, may be unshaven 
and unkempt. He may be stooped and tired. 

He is surrounded by equipment: test tubes, bunsen burners, flasks and bot- 
tles, a jungle gym of blown glast tubes and weird machines with dials. The 
sparkling white laboratory 15 full of sounds: the bubbling of liquids in test tubes 
and flasks, the squeaks and squeals of laboratory animals, the muttering voice of 
the scientist. 

He spends his days doing expenments, He. pours chemicals from one test 
tube into another. He peers raptly through microscopes. He scans the heavens 
through a telescope [or a microscope!]. He experiments with plants and animals, 


ILA few of the more mature students realue that this picure is stereotyped and 
incomplete. So, for instance. having described the scientist as the “man in the white 
coat," students continue: "On second thought—he might equally well be seining a 
amail stream, feeding facts into an electronic computer, or injecting a radioacinc 
fluid into the veins of a monkey" (boy. 17. grade). “E realize that there is more 
than microbiology [that is, the man in the white coat} to science, Therefore, | think 
of the atom, and somehow always of old men, working on various Lombs and reactors. 
When I think of the use of atoms for peace, 1 think of young men working in offices. 
I don't know why" (girl, 14, 10th grade). “At the word science, I can imagine so much. 
The scope is Unlunited and T sometimes do not connect the tno words science and 
scientist ‘any further than the laboratory. But if F could put the two together, a scien- 
ust would become more of an adventurer, a romantcist, than a Ggure who is nothing 
but x human [BM machine” (boy, 15, Ith grade). 
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the instruction “Draw a scientist,” and the entire pictorial file from the public 
relations office of a pharmaceutical company. . s 
4 Sull another set of student exsays from sample A was given to a seven 

senior consultant, who had had no previous contact with any of the materials. 
Since she had not been involved in the earlier stages of the study, she could 
bring a fresh pomt of view to the final conference on the basis of which the 
teport was written. . 

js A final conference of the senior consultants was held, at which the 
preliminary findings were again reviewed, and the findings presented in this 


article were discussed in detail. There was general agreement that the findings 
effectively represented the data § 


The composite image. In reading the following composite statements, it i 
important to realize that they do not represent Merary descriptions written by 
the analyst, but rather composites of the responses made by the students in ther 
essays, so that each “composite image” is to be understood as being something 
like a composite photograph which emerges from a very large number of super- 
imposed photographs Each phrase (response) both stands for a family of phrases 
(responses) which were used throughout the essays and is itself 2 recurrently 
used phrase (response). The phrases hase been grouped in relation to themes, 
as they occur in the essays, but reference to the themes might occur in any order 
in the essays. It is important to realize that in organizing for presentation here 
the positive and the negative versions of the composite image of the scientist, 
the analyst has separated out from the answers the positive phrases (respons), 
on the one hand, and the negate phrases (responses), on the other hand, as an 
analytic device, whereas in the essays both occur—or may occur~together in a 
vanety of combinations 

Before the image of the scientist is discussed, it will be useful to look at the 
Way "science" appears in these esas In the following composite statements, 


italics indicate the words and phrases (responses) used? detailed examples are 
given in parentheses, and explanatory notes in. square brackets. 





terested in science), as a melange (medi 
ppliances), or as composed of entities (biology and 
physics and chemistry...) linked together by the personality of the scientist. 

Science is natural science with little direct reference to man as a social being 
except as the products of science~medicine and bombs~affect his life, The sub- 
jects of science are chemistry and physics (laboratories, test tubes, bunsen burners, 
experiments and explosions, atomic energy, laws and formulas. , . ). biology 
Lotanyzoology (plants and animals {that is, as materials for laboratory work]. 
microscopes, dissection, the digestive system, creepy and crawly things...) 
astronomy (the moon, stars, planets, the solar system, outer space, astronomers, 
astrologers [sic], telescopes, space ships... ), geology (the earth, rocks, mines and 
of wells, out of doors... ), medicine (cures for TB, cancer, heart disease, and 
folio, research, serums ). archeology (exploration, ancient tities, early man, 
fossils, digging . . ..) Mathematics is nov a science but a toot and a measure of 
scentific aptitude, 

‘The methods of science are research and experimentation, invention, dis- 
covery, exploration, finding out new things and new ways of improving old ones. 

For assistance in ti 

coped tte Rae rh te Ip 
thank Ruth Bunzel, Edith Cobb, Natale Joffe. Martha Wolfenstein, Mark Zborowshy, 
ae gaduate students in, Cotumba Unuersity anthropology courses GS 271-2 and GS 
University of Michigan,” the report, Robert Weis of the Survey Research Center, 








te for Intercultural Studies, which 
dvancement of Science, we wish (0 
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He neglects his famtly—pays no attention to his wife, never plays with his 
children. He has no social life, no other intellectual interest, no hobbies or re- 
laxations. He bores his wife, his children and their friends—for he has no friends 
of his own or knows only other serentists—with mcessant talk that no one can un- 
derstand; or else he pays no attention or has secrets he cannot share. He is never 
home. He is always reading € book. He brings homie work and also bugs and 
creepy things He 1s alwcays running off to his laboratory. He may force his chil- 
dren to become scientists also. 

A saientist should not marry. No one wants to be such a scientist or to marry 
him, 


Disct sston 


The "official" image of the screntist—the answer which will be given without 
personal involkement—which was evoked primarily in Form 1, but which recurs 
in the answers to all three forms, s a posite onc. 

“The scientist 1s seen as being essential to our national life and to the world; 
he 1s a great, brilliant, dedicated human being. with powers far beyond those 
of ordinary men, whose patient researches without regard to money or fame 
lead to medical cures, provide for technical progress, and protect us from attack. 
We need him and we should be grateful for him 

Thus if no more than Form I had been asked. it would have been possible 
to say that the attitude of American highschool students to scence ss all that 
might be desired. 

Bur this image in all its aspects, the shared, the positive, and the negative, 
is one which ts likely to invoke a negative attitude as far as personal career or 
marriage choice is concerned. While the rejection im the negative image is, of 
toune, immediately clear, the poste image of very hard, only occasionally 
rewarding, very responsible work :5 alo onc which, while it is respected, has very 
hutle auraction for voung Americans todav.** They do not «ish to commit them 
selves to long time perspectives. to dedication, to single absorbing purposes, to an 
abnormal relationship to money. or to the risks of great responsibility. These 
requirements are seen as far too exacting The present trend is toward earlier 
marriage, early parenthood early enjoyment of an adult form of life, with the 
career choice of the man and the job choice of the woman, uf any, subordinated 
to the main. values of life-good human relauons, expressed primarily in. terms 
of the family and of being and associatimg with the kind of human being who 
easily relates to other people. 

710 the eatent that any career—that of diplomat, Lawyer, businessman, artist, 
aviator-is seen as anuthetucal to this contemporary sct of values, it will repel 
male students as a creer choe and guls as a career for their future husbands 
Dut it is important to see also the particular ways in which the image of a scien: 
ufc career conflicts with contemporary values. It divides guis and boy, The 
bos, when thes react poutively, include mottes which do not appeal to the 
gul~adventure, space travel, delight in speed and propuliion, the gurls, when 
they react positively, emphaue bumamtarianism and self-sacrifice for humanity, 
which do not appeal to the bow. The gus reject science. both as a posible furm 
of work for themselves, concerned with things rather than with people, sith non. 
lining things (Laboratory animals, not hve animals, parts of anatomy, not Jing 
children), and for ther husbands, because at will separate them, give tier bur 
bands absorbing interests which thes de net share, and mohe them in varius 
Minds of danger. In eather petiods, when carcer choices and marruges occurred 





e[n tha statement, we dras nat onh en the atteso tbi stods, but on a 
wale vanety of other materil en the attitude e contemporary young Americam. 
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In contrast, other activites are defined as nonscientific because they are 
absorbingly interesting: “watching things grow that I have planted," or "work- 
ing on my hot rod car " 

The role of the teacher—as reflected in the comments of 2 whole class—is 
an exceedingly interesting one The disliked teacher ıs personalized and vivid; the 
teacher who has obviously been very successful and has caught the imagination 
and enthusiasm of the whole class does not emerge as a person at all bur, instead, 
sinks into the background of good classroom conditions, together with “good 
laboratory equipment." Special aspects of the disliked teacher are commented on 
in detail. He may be described as an outsider, a stranger, with unusual habits 
of dress and manner, who does not know his subject well, who cannot talk 
about anything but his subject, who lises alone without the shghtest tie to the 
community, who 1s “stuck up and who 1s too busy for anyone but himself,” It is 
easy to see how the only male teacher in the school presents special problems 
to the boys, if he himself 1s a figure they reject. and how easily the sphere of 
work for which he stands ma) be rejected also So one bos writes, "Anyone who 
digs our teacher's gab ıs a square as well as being queer.” Some of these conse- 
quences undoubtedly flow from the convention in the United States that, ideally, 
science should be taught by men, with the result that men who might be more 
successu] teachers in. some other field are forced into teaching a. subject which 
they dislike and m which they hase no special competence. Similarly, foreigners 
and refugees—if male~may have a better chance to get positions as mathematics 
and science teachers than they have in other fields tt 

The significance of the lack of parucular mention of the good science teacher 
is equally important, for it i5 related to the lack of invocation of authority by 
the students, who state therr opinions about science—even those obviously related 
to a particular teacher—as their own Only when they disagree, when they woh 
to attack the current image of science as a good thing from a minonty poution— 
that is, from the viewpoint of some fundamentalist religious postion which they 
accept-do they invoke authority. It i related also to the situation n. American 
culture where, through generations, there has been a break between immigrant 
parent and nature bora child. In this new setung, the European tendency for 
children to idenufy with the personality and occupation of the parents has 
been replaced by a tendency to follow the stele set by members of one’s own 
generation, especially those in ones on local school clique 

In the classroom a disliked. fellow student. who i5 regarded. as 2 future 
scientist may also be described im some detail, as students say they do not want 
to be the hind of scientists who ‘go about with their neses in a bool, fooling 
superior" But in those classrooms where evenone has been committed to the 
joy of some experiment or project. no individuals emerge: jt i» impossible to say 
what as the sex, age. nationality, and personality of the teacher. 

In summary, it may be said. that where science teaching is succesful, the 
teacher has created a situation m winch bis or. ber (ane does not know. which) 
penonality sinks into the background, and im which no one student stands out 
as so expecially gifted and preoccupied as to rouse annovance in the caw Stu 








44 The other side of this pactuse ss sometimes seen in commenti mase by firerznent 
who have entern? the sienes became Americans think ther reuse bos of a knout 
edge of the culture, and who tevause of them sence taining n get teahing panitise 
in the hooh After a vear or tao ef texchinz tn small town. shoobe, the forcizn born 
teacher fees back to the aucy where he Fas frends or at least can hive anom moody, 
(Based on life history data from Chinese informants in he Chinese seation e£ the 
Stude Program in Human Health and the trolesy of Man, New Yon Joani- 
Cornel) Mehal College, Sew York 
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later the girls artnudes might not have mattered so much; they are very impor- 
tant today on the one hind. because guls represent a principal untapped source 
of technical shill and on the other hand, because, with present adolescent social 
patterns, paired bows and giris spend a great deal of ume discussing the style of 
the impending marrage and parenthood and the relationship of the boy's career 
choice to the kind of home thev wili have 

lhc mage of the scientist s relationship to money also presents a problem, 
in a penod of full employment to young people who think that an adequate 
income is something that should be taken for granted. The scientist is seen as 
having an abnormal relationship to money He as seen either as in danger of 
yielding to the temptauon of money and fame,” or as starving and poor be- 
cause of his integrity. The number of ways in which the mage of the scientist. 
contains extremes which appear to be contradictory-too much contact with 
money or too ttle being bald or bearded; confined work indoors, or traveling 
far away talking all the ume ana boring way, or never talking at all—all repre 
sent deviations from the accepted way of life, from bemg a normal friendly 
human being who lives like other people and gets along with other people. 


SPECIIIC INDICATIONS ABOLT THE TEACHING OF SCIENCE 


From the standpoint of teaching, 1 1s important to realize how the present 
tmage of scientific work lacks any sense of the delights of intellectual activily;* 
the scienust works patently and carefully for years, and only when he finds 
out something does he shout with joy. This lack of any sense that inteltectual 
acuity 1s rewarding in itself can be related to the lack of any mention of ling 
things, plint, anımal, or human, in the matenals with which the scientst is be- 
lieved to work. Plants and an:mals appear only as dead objects for dissection; the 
human body. as organs or systems studied in the laboratory and treated in medi 
cane, whole human bemgs appear only as the dead denizens of dead and buried 
cities and most of the scienusts about whom they read are also dead. The lack 
of anv sense of enjoyment can also be related to the central role given to mathe: 
matics as a tool, without any emphasis on the delights of observation, as in early 
natural history studies or m the percepuon of regularities and connections in 
the world around them, ot between themselves and the world around them. 
Because che materials were analyzed class by class and school by school, the 
study has also yielded, as a by product, certam sidelights on science teaching: 0n 
the importance of participation as opposed to passive watching, on the role which 
the personality of the teacher plays in attitudes toward science, on the effect om 
the rest of the class of the presence in it of one type of exceptionally gifted child. 
One of the most recurrent responses is an expression of active boredom, the 
phrase, ‘1am not iterested in science,” or in a particular science course (chem 
istry or physics), followed occasionally by highly emotional expressions of fury 
and hatred of particular activities which are beng demonstrated. "Interest" and 
jme enjoyment" seem to be so closely related that the student seated in a 
classroom who has to watch things being poured from one test tube to another 
or listen to a string of unrelated facts becomes permanently alienated. General 
m courses seem to be the ones in which this atutude toward science i5 
aractersucaliy invoked, except when a gifted teacher gives it some specia! 
en asi When mathematics is seen as the key ability on which all future scien- 
tific work is based, not liking and not being able to do mathematics become a 
specially weak point in the arcle of the students’ interests. 


* Itahes ours. 
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5. Emphasize the need for the teacher who enjoys and is proficient in 
science subjects, irrespective of that teacher's sex; this would mean that good 
women teachers could be enlisted instead of depending on men, irrespective 
of their proficiency. Since it would seem that the boys do not need to identify 
with an adult male as a teacher. thus should leave us free to draw on. women 
as a source of science teachers. 

6 Change the teaching and counseling emphasis in schools which now 
discourage girls who are interested in scence. This would have many diffuse 
effects: on the supply of women teachers and of women in engineering, on the 
attitudes of girls who are helping bors to choose careers, and on the attitudes 
of mothers who are educating ther small children in wavs which may make or 
mar ther ability to dea] wuh the world in sGentific terms. 

7. Deemphasize individual representatives of science. both oustanding in- 
dividuals like E:nstein—whose uniqueness simply convinces most students that 
they can never be scientists—and the occasional genmustvpe child in a class. 
(This type of child. who represents only one kind of furure scientist and who is 
often i verv special need of protecuon from the bruralities of his age mates, 
should probably be taken out of small, low-level schools, and placed in a more 
protected and intellectual environment.) Instead, emphasize the sciences 25 fields, 
and the history of science as a great adventure of mankind as a whole. (Ihe 
monotonously recurrent statement “Af i weren't for scientists we would still be 
living in caves” is an mult to the memory of millons of anonymous men who 
have—each in his wav—mude further advances possible.) 

8. Avoid talking about the scientist, science, and the scientific method. Use 
instead the names of the scences—biology, physics. physiology, psychology—and. 
ypeak of what a biologist or a physicist docs and what the many diferent meth- 
ods of science are—observation, measurement, hypotheses generating, hypotheses. 
testing, experiment. 

9 Emphasize the hfe sciences and hving things—not just laboratory animals, 
but also plants and animal, in nature—and living human beings, contemporary 
peoples, living chiidren—not the bones and dust of dead aties and records in 
qumbhing manuscmpts. Liang things give an opportunity for wonder and 
humility. necessan]» less present im the laboratory wbere students deal with 
the inanimate and the known. and contact with living things counteracts the 
troubling implication that the saentot 1s all powerful. 

Conclusion. This report ts not in any way a statement of the proportion of 
high school students who wili choose science as a career. It is a discussion of the 
state of mind of fellow-students, among whom the occasional future scientist 
must go to school, of the degree of personal motmation necessary to commit 
oneself to science, and of the atmosphere within which the science teacher must 
teach. Since most high-school students’ atutudes closely reflect those of their 
parents, it is also an indication of the climate of opinion in which parents 
may be expected to back up their children in choosing science as a career, ati- 
rens may be expected to vote funds for new laboratories. and voters may be 
expected to judge Congressional appropriations for saence education. 


Devastating. illuminating, challenzing, irritating. exciting-all these terms 
could be used 10 describe this study bj Mead and Mérraux. Certainly there 
are many sobering facts and conclusions here for teachers to ponder. As we 
said earlier, the science teacher is not solely responsible for this image of the 
Scientist. The advertisements in magazines, newspapers, on TV and billboards, 
all contribute to the distortion of the image of the scientist. So do cartoons and 
the often deprecating tone of newspaper articles about science and scientists. 
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dents and tcacher appear to have worked as a group, accepting science as a pari 
of their Ines, preoccupied with no specific identified individuals 


Ri COMMENDATIONS 


Mass media Straight across the country there is a reflection of the mass media 
image of the scientist which shares with the school materials the responsibility 
for the prevent mage Iterations m the mass media can have important con- 
sequences in conecting the present distorted image af such changes are related 
to real conditions Attempts to alte the image, m whuch the public relations 
department of a particular company represents its research personnel with crew 
cuis and fae children, may improve the recruitment program of single com 
panies but do so only at the expense of intensifying the negative aspects of the 
image for the country as a whole 

What 1s needed in the mass media 1s more emphasis on the real, human 
rewards of science—on the way i which scienusts today work in groups, share 
common ptoblems, and are nesther “cogs in a machine” nor “lonely” and “iso- 
Jared Pietures of scientific actusities of groups, working together, drawing in 
people of different nations, of both sexes and all ages, people who take delight 
m their work, could do a great deal of good 

The mass media could also help co break down the sense of discontinuity 
between the sctentist and other men, by showing science as a field of endeavor in 
which many skills, applied and pure, skills of observation and of patient, evact 
tabulation flashes of insight, delight m the pure detail of handling a substance 
or a material, shills in orchestrating many talents and temperaments, are all 
important This would help to bring about an understanding of science as a patt 
of hife, not divorced from it, a vineyard ın which there js a place for many kinds 
of workers 


The schools The material suggests the following changes which might be 
introduced ın educational planning 


1 Encourage more participation and Jess passive watching in the classroom: 
less repeating of experiments the answers to which are known; give more chance 
to the students to feel that they are doing st themselves. A decrease in the passive 
type of experience found in many general science courses seems parucularly 
necessary 

2 Begin m the Kindergarten and elementary grades to open children's 
eyes to the wonder and delight in the natural world, which can then supply the 
motive power for enjoyment of intellectual life later. This would also establish 
the idea of science as concerned with living things and with immediate—as con- 
tasted with distant-human values E 
___ 8. Teach mathematical principles much earlier, and throughout the teach- 
ing of mathematics emphasize nonverbal awareness, tt let children have at 
opportunity to rediscover mathematical principles for themselves. 

4. Emphasize group projects; let the students have an opportunity to se 


science as team work, where minds and 
skull one 
another, ls of different sorts complement 


$t Studies of the College Fntrance Examumati xA 
A mation Board C m Mathe 
ec Ede Das Eee tam MU Cos m du 
arala ail be tiau a eae, Jnstruction A study of jumor high school 
nnersity of Maryland this falt There i 
Se a te Siar ts anres tie and ome, Soper 
i state committees whi determine how 
work daba prn at the national level can be reete ix local schools. The 
6 Pembridge dextloped by Margaret Lowenfeld ot the Institute of Chitd Psychologt 
i Pgnbndge Vias London, Wi sre an important addımon to he equipment fF 
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personally enjoyable. In essence, the place of science for all is becoming a fait 
accompli, forced upon schools and teacher by two apparently contradictory 
elements: 


1. More young people, representing most of the range in abilities and 
interests, tend to remain in school longer. 
2. There is a greater need for scientists. 


General science fas become a course in which the basis of general educa- 
tion is applied. To a great extent this is true also of biology. In chemistry and 
physics, there is still greater concern for the subject material as a possible basis 
for careers in science. These courses have kept their air of specialization; never- 
theless, changes are beginning to appear. 


The need for science teachers 


Science teaching in the United States has been successful, so successful in 
fact that each year many thousands of young men and women choose careers 
in science and enroll for a difficult sequence of collegiate courses. Each year 
more than forty five thousand graduate from college as majors in science and. 
engineering. In addition, over three thousand complete the arduous program 
for a doctorate degree in these fields. The rapid expansion of our laboratories 
and technical industries exhibits the competence of these graduates. 

Paradoxically, this very success has turned increased attention upon the 
improvement of science instruction all through the schools, for “nothing breeds 
success like success.” We enjoy the benefits of science; we want more of the 
same. Science teaching has, at least in some ways, been successful. 

In the previous chapters we have indicated that there is, and probably 
always will be, room for improvement in both the intent and the content of 
our science teaching. The social responsibility of the science teacher is now 
recognized. No longer will “good enough” pass inspection; we must strive for 
“ever better.” The teachers’ obligations to a diverse group of children, increas- 
ing school enrollments, and the changing setting of science in the culture can- 
not be dismissed casually. 


The growth of science enrollments 


With a large proportion of the current children enrolled in school (forty 
million pupils), we may forget that nearly one-half of the adult population 
never attended high school. Raised in times when schooling was a rare social 
Privilege, half our adults never had any contact with a science teacher. 

In 1890 only one child in fourteen, aged 14 to 17, was enrolled in any 
secondary school and eligible for such science courses as were offered. In 1935 
over three out of four in this age group were in school. With the diversification 
of pupil abilities and interests in school has come a diversification of elective 
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"These attitudes are widespread throughout the public. The science teacher 
alone cannot be expected to overcome them all or to do it alone. Yet the science 
teacher 1s one of the prime mterpreters of the way of the scientist. His own 
attutudes, the way he teaches, the sntent and content oi his courses, all lend 
support to the image of the saienust and the scientific enterprise which the 
youngster conjures up 

This whole book has been aimed at helping teachers enable children to 
“sense the delights of mtellectual activity,” and to see how the real world of 
Ining things and opcraung devices can be the source of stimulating study 
though actixe parucipauon For the great mass of students the effective 
teacher, the guide to learning activities, becomes a blur, with the student's 
enthusrasm and glow directed toward the subject areas in which he is involved 
Much the same must be recognized as the role of effective parents whose par- 
ticular supporting actions are rarely recalled by their children, even while the 
aura of parental warmth and interest are long treasured. 

Mead and Metraux suggest less emphasis on the "very great" scientists At 
first this evokes disagreement until we realize that all too often these men are 
presented as remote geniuses who should be idolized for their accomplishments 
which often are incomprehensible to the students In fact, these great men are 
often presented as the source of the information, theories, and equations which 
cause the student so much difficulty. No wonder they are looked on with 
dismay and ane, and sometimes, we suspect, a bit of distaste. This immediately 
suggests that the scientific greats be presented as human beings (some of them 
young, very young) who made mistakes, had political troubles, tried to earn an 
adequate living, and behayed much Lhe the rest of us. Names, dates, and great 


discoveries are certainly not enough to develop such impressions of great 
scientists, 





All this underscores our earlier conclusion that the attitudes students 
lop toward science and scientists are far more important in their later life 
n are the particular bits of information they can recall. Yet, 
ang, science teaching in the secondary school is factridde 
toward "college preparation." The vast majority who are not going to college 
Bets, as does the collegiate minority, an image of science which is grossly dis 
torted. Science is "right," is "accurate," "always works" because they see demon- 
strations which always “come off”; conclusions are reached with finality, and 
texts support this limited view so that the student can say: "Biology, oh, 1 had 
it in high school.” Science is a closed system of knowledge which only geniuses 
can extend What a travesty such an impression is! 

, Fortunately this approach to science teaching is changing. The place of 
science in general education for all, as a creative activity of the human mind 


in an effort to “make sense out of the booming buzzing world,” is gaining As 
such, science teachers look tow: 


devel 


tha generally speak- 


n and oriented 
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TABLE 21-1 Growth of population aged 14-17, and of secondary school 
enrollments 1889 !o 1965-66 * 


a a aa i 


ENROLLMENT IN SECONDARY 





POPULATION AGE SCHOOLS (IN THOUSANDS) ©, ACE GROUP ENROLLED 
Maz os | > Sx 
n THOUSANDS) — pont Public pubhc Total Pubic public 
1839-90 533 360 203 137 67 38 — 29 
1899-1900 6152 699 519 wo 14 84 — 29 
1909-10 7290 145 95 200 i4 127 — 238 
1919.20 1255 2200 $0 — 3-5 29 89 
1929-30 9,511 4,399 405 514 H 43 
1939-40 9720 601 59 1535 — 8. 54 
1919.50 8401 5,707 70 753 ok 85 
1954 55 9162 794 
1960+ 11370 ess — 108 — 7 nn. 88 
1966 + 14397 10217 L% — 8 7 88 





* Based on, Biennial Survey of Educatton 1948-50, Chapter 1, Table 16, also Survey 1950-52, 
Chapter 1, Tables 3 and 11, U $ Government Printing Office, Washington, D. C. 
TAI figures for 1960 and 1966 are estumates 
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courses, Despite the introduction of general science and biology, the percentage 
of high school students enrolled in science at any one time has shifted from 
81 per cent in 1900 to 54 per cent in 1949.* Such figures are often cited as evi 
dence that in the "good old days” things were far better, Note, however, that 
the percentage of the total high-school age group enrolled in science shifted 
dramatically [rom a mere 7 per cent in 1900 to 37 per cent in 1955 (Table 212). 
Suence instruction is now reaching a far larger proportion of the children than 
ever before in history. Furthermore, the social climate is such that we can 
expect this proportion to continue to mcrease. Certainly, we must be seriously 
concerned about who teaches these science classes and both the intent and the 
content of the instruction. 


The importance of able science teachers 


In the New York Times, January 9, 1955, Dr, Henry Chauncey, Director 
of the Educational Testing Service, was quoted as saying that “the manpower 
resources we fail to develop may cost us our survival.” As every reader knows, 
the urgency of this observation stemmed principally from the need for addi- 
tional military research and development. Financed at several billion dollars 
a year in pre-earth satellite times, the governmental budget for scientific re 
search on military problems will increase and stay high for years. 

Likewise, the pressures arising from a booming population, booming in- 
dustrial production, and the impact of science and technology on hfe and living 
will continue to require more individuals working within science and tech. 
nology. Within the general economy the need for people with technical skills, 
as well as for creative scientists, will continue to rise, since the nation's economy 
is highly industrialized and will become more so. In war or peace scientists have 
become a national resource, Science teachers, too, because they play a critical 
role in the early encouragement and self-identification of potential scientists, 
are a national resource. 

We have noted, in this chapter and earlier, the hey role of the teacher in 
developing tutu scientists, While we are deeply concerned about the supply 
of potential scientists, no teacher can disregard his responsibilities to the great 
majority who are indirect consumers of science and technology, As we have 
stressed, the attitudes as well as the knowledge of these millions are a teacher's 
major responsibility. Even now, close to half the children do not graduate 
from secondary school! Their principal opportunity to become aware of science 
as something other than magic, or glamour, or bigger weapons comes within 
the secondary school, within the years of the early matching of individual 
gis with opportunities. All our scientists to-be are in the. secondary schools. 
‘There 1s where the continuing shortage is to be met—by science teachers. 








* The percentage figure fi i ‘ E 
dae i tea an eire for 1809 in Tabte 21 1 is too ow, but complete statistics of en 


‘Dael Wolfie, tmerica’s Resources of Professional Manpower, Harper, N Y. 1l 
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1951 1919 1955 1965 


No. % No. % No. % No. % 





Course 
789 18 — 1122 21 SSSt Bt 2200 General science 
657 15 996 18 1294 2% 2,100 Biology 
4d 8 ol Botany 
82 2 5i 1 Physiology 
2D oa 5 01 Zoology 
"2? 2») 041 200 Earth science 
$:0 8 4m 8 45 7 1,000 Chemistry 
28$ 6 2920 5 *5 5 700 Physics 
Totals 
2305 52 — 2909 51 3435 53 6,200 Science. enrollment 
4497 5,399 6453 10,200 HS enrollment 
9500 8,300 9,162 14,400 Population, age 14-17 
% age group enrolled 

243 $50 $65 43 an science 
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The present demand for teachers 
The great cost of high schools of science is by no means appreciated. The 

necessity of having men of distinction in special investigations, and for having a 

Breat many special teachers, and for having ample means of experiment and 

illustration—all this 1s very smperfectly understood. The readiness with which 

men of truly scientific attainments are caught up to aid in the construction of 
public works, the development of mines, the exploration of new territory, the 
administration of great industrial establishments, and numerous other services, 
renders it difficult to obtam them as instructors of youth on the meagre allow- 
ances commonly bestowed for educational services. 
This was not said yesterday, but in 1872 by President Daniel C. Gilman of 
Johns Hopkins University. Yet it is equally apt today. 

To develop scientific personnel and citizens who will live in a scientific 
economy, the “quality” as well as the quantity of our science teachers is crucial. 
These effective science teachers are in short supply. Yet they are the ones who 
have the knowledge, attitudes, and shills to develop the potentialities of all 
our students to their utmost. Most teachers are persons who would be com- 
petent in industrial or government employment, but prefer to teach. Reports 
from many industries who have employed such science teachers in the summer 


support this conclusion.* 





3 Teachers in. Industry, Report of Sckool-Industry Science Program for the Summer of 
1956, Sept. 1956, and School-tndustry Science Program, Summer 1956, First Status Report, 


Oc, 1956, pamphlets, Hughes Aircraft Compans, Culver City, Cal, 
J Ned. Brjan and Edwin H. Cooper, Scenee Teachers m Industry, Natonal Science 


‘Teachers Association, 1201 16th St., N.W., Washington 6, D. C. 
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TABLE 21-2 Science enroffments in public secondary schools 1890 to J965* 
E S € M M M— ERENT 








1890 1909 1910 1922 

No "HS 

(hou. enroll- 

sands) ment No. % No. % Ne. % 
Course 
General sctence 394 18 
Biology 791 19 9 
Botany t né 13 ez 4 
Physiology 1 M? 0 ns a 19 5 
Zoology $ 51 6 35 
Earth science t 155 30 15 17 9:5 
Chemistry 25 10 40 8 5 T 19 7 
Physics 46 2 99 19 M8 15 12 9 
Totals 
Science enrollment 6658 33 436 84 802 66 1255 59 
HS enrollment 203 519 915 2155 
Population, age 1417 5351 6,152 7220 8,000 
% aye group enrolled 
in sence 12€$ 57 





———————— 


* Based on: Office of Education, Btenmel Survey 1948 49, Chapter 5, Table 7, U, $. Govern- 
ment Prinung Ofice, Washington, DG, 1953, and K. E Brown, Offerings and Enroll- 
ments in. Science and. Mathematics in Public High Schools, 1954-55, U. $. Government 
Printing Office, Washington, D C, 1956, plus personal communications 

t Assumed on basis of 19 data 

$ No enrollment figures available for these courses, known to have been commonly offered. 

$ Incomplete 
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TABLE 21-3 Needed numbers of high school teachers and science teachers, 
projected to 1960 * 


———————————————————O 











Number of Number of Newseence Newsaence Total number 
high science teachers teachers teachers for of new science 
school (full end for increased teachers 
teachers parttime) replacement enrollment needed 
1915-46 289.195 58,000 - = - 
191748 305,739 62,000 4.100 1,000 8,100 
1949 50 311,093 65,000 4300 3000 7,300 
1950 51 325,143 65.000 3600 0 4,600 
$29,173 66,000 4,600 1,000 5,600 
334.983 67,000 4.609 1.000 5,500 
70,000 '00 3,000 7,1 
73,000 4,900 3.000 7.900 
000 5,100 2,000 7,100 
78,000 5,300 3,000 8,300 
82,000 5,500 4,000 9.500 
83,000 5,700 1,000 6,700 
84,000 5,800 1,000 6,800 





“From Critical ears Ahead in Science Teaching, Report of Conference on Nation wide 
Problems of Science Teaching in the Secondary Schools, Hanard U., Cambridge, 1953 
Total need for high school teachers rounded off from Table II in “Teacher Forecast 
for the Public Schools,” NEA. Research Disision, Journal of Teacher Education, 4, 53, 
1955. 
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would profit from the knowledge. Different teachers -:ould readily become 
special resource personnel for various areas of new knowledge (see p. 522). 

After a careful appraisal of enrollments and numbers of classes, Pella 
answered the question: “Are we using full-time science teachers wherever pos- 
sible?” with an emphatic xo, He concluded that “only 50 per cent of the 
possible full-time science teachers are presently employed.” This result is similar 
to that encountered in many other statewide and nationwide studies. While the 
decisions in teacher utilization are basically administrative and occur in many 
separate schools, teachers, individually and collectively through professional 
groups, can do much to encourage wiser utilization of the teachers available. 

The limitations resulting from the use of part time teachers in science 
are clear. Mostly they have meager command of scientific information and 
equipmental skills, but even more serious ıs their lack of interest in science. 
When the teacher lacks interest in science, the students cannot be expected to 
become excited or to have opportunities to practice sciencing in the classroom. 
Uninformed and insecure teachers cling tightly to their textbooks and reduce 
the class sessions to “talk and chalk.” 

Realistically, in all schools the number of science classes is unlikely to 
equal the full-time teaching load of an integral number of teachers; some part- 
time science teachers are inevitable. They need assistance in acquiring informa- 
tion, knowledge of resources, self-confidence, manual skills, and a “feel for 
science,” expressed through teaching methods Likewise, the beginning teacher, 
no matter how well "prepared" for his task, needs continual adsice and direc- 
tion. We see then that constructive, sympathetic assistance or supervision is 
seriously needed now. In the years ahead, when many others even less well 
qualified will be in science classrooms, the need for help on the job will be 
greater. For the sake of the future adults, who have only one chance in their 
schooling, we hope that individual teachers, local school systems, and profes- 
Sional groups of teachers will act to provide the best assistance available. 

Replacement. Unfortunately there are no accurate figures available on the 
number of new science teachers entering the schools each year. However, some 
fairly close estimates of the supply can be made from indirect figures. In 1955 
there were 51,418 college graduates who were prepared to teach ín high school: 
These individuals tool, in all the colleges of the country, whatever pattern of 
Courses were required for certification in the state where they were to teach. 
While the certification requirements differ considerably between states, we 
may count these people as potential new teachers. Of this number 1,690 were 
prepared to teach general science, 1,371 biology, 602 chemistry, and 219 
physics. AN together there were 3,912 college graduates available as new 
science teachers. This is a drop of 57 per cent from the Gf-boom year 1950 
when 9,096 were prepared to teach science. (A similar drop of 51 per cent oc- 
curred in mathematics from the 4,610 in 1950 to 2,250 in 1955.) Yet we have 
seen (Table 21-3) that about 7,000 new science teachers are needed each year. 


M National Education Association, Research Disision, ~The 1955 Teacher Supply and 
and Report," Teacher Educetion, Vol 6, No 3, 1935. 
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one additional subject, 202 taught two, and 42 taught three or more other 
subjects The distribution of teachers between full time in one science, full- 
tame in science, and part time in science is shown in Table 21-4. 

‘Thus pattern of teacher uulization, confirming many similar reports from 
elsewhere throughout the country, is a crushing blow to those who would have 
[uture scrence tcachers "highly specialized" in one science. Only the few larger 
schools can supply enough pupils to involve a science teacher al] day within a 
single science Ihe blunt facts are that half the secondary schools in the country 
enroll less than 200 pupils per school, while half the pupils attend schools whose 
total enrollment 1s 100 or less. Science teachers in such schools must be able 
to provide competent instruction im most of the science areas and also in mathe 
matics (not to mention physical education). 

Certificauion tans, differing widely between states and usually rather vague, 
are little protection to the employed teacher or his students. Classes have to be 
taught by the emplovcd staf, irrespective of the preferences or training of the 
stall, \ny prospective «tence teacher will sec for himself the necessity of a firm 
introduction to all the major fields of science and of mathematics, beyond which 
some specrahzation is desnable. In college the more basic courses in each area 
should be selected, these are the courses which are difficult to “work up” or 
read on your own. 

No prospective teacher can learn in college all that he would like to know 
or need to know as an effective teacher. Continual reading according to a 
planned program, attendance at teachers’ meetings, enrollment in correspond 
ence, extension, and summer courses are means by which additional knowledge 
can be obtained Many special opportunites for summer study are being pro- 
vided with stipends through industries and the federal government, These will 
never be enough for all who want or need them, but they are helpful. We can 
visualize some of those who have had such special opportunities presenting 
repeat performances in their local communities for the benefit of others who 





TABLE 21-4. Distribution of classes of science teochers in Wisconsin, 1956 * 
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TOOLS FOR THE 
SCIENCE TEACHER 


Section Five 


The term “tools” will have different meaning to different people; some 
teachers will think of tools in this sense using the microscope, using dissecting 
instruments, building a microprojector, devising an ammeter. 


These are tools 1n a very special sense; they are dealt with in the accom- 
panying volumes, whose tables of contents are to be found on pp. xx and xxi 
of this book. In these volumes there are several thousand special procedures 
and “tools” useful in the brological and physical sciences, 

We think of tools in a more general sense, we have already discussed 
certain “tools” in prior sections. For instance the art of questioning (Chapter 4), 
lesson planning (Chapter 7), planning a unit (Chapter 17), planning with 
students (Chapter 4), the lecture (Chapters 7 and 13), constructing tests 
(Chapter 20), using readings (Chapter 2), planning a course (Chapters 
10 to 18), the laboratory (Chapter 7). 


To elaborate one instance, the use of the laboratory has bcen discussed 
and developed in different facets in Section I, in relation to ways of the 
scientist; in Section 1I, in relation to lesson planning; in Section HI, in relation 
to the controversy between the lecture-demonstration and laboratory ap- 
proach; in Section IV, in relation to “practical examinations.” In the present 
section we deal with the laboratory in a very special and luted sense; we 
offer useful recommendations on the organization of a laboratory squad, 
facilities, and the like, without reference to teaching method. We do the same 
thing for the other tools; we deal with eighteen of them out of the myriad 
possible, 

Like all teachers, we should like to improve our teaching; and further, 
since we have taken on the task of writing this book, perhaps we can, through 
you, be of service to other teachers. If you have a fasorite and respected tool 
or procedure er source which you would hie to share with others, will you 
send it to us? We shall, in a revision of this bool, publish your tool or pro- 
cedure with full credit to you. Or better yet, why not develop sour teaching 
device for publication in the various journals we list on p. 518? 

To build a profession of teaching, we need to build a respectable htera- 
turc of tried and tested tools, devices, procedures, as well as 2 theory and 
method, 


4n 


Our dif&culues ate increased by the fact that only about hall of the poten- 
tial new science teachers enter schoo!s as teachers. Contemplation of these 
stubborn facts arouse» gnawing anxieties about the place of science in our 
schools for the next decades 


The future need 


The magnitude of future needs for science teachers was explored at the 
Harvard Conterence in 1953.5? A committee headed by Henry Shannon, Super 
visor of Science for North Carolina, prepared the material shown in the illus- 
trauon accompanying Table 21 3. Experts in teacher recruitment checked the 
data and were in agreement on the results, which led to these conclusions: 


1 By 1966 the total number of full- and part-time science teachers will 
approximate 100,000, an increase of some 35,000 over the 65,000 in 1955. 

2 Fach and every year unul 1966 the nced for new science teachers will 
exceed 7,000 and will approach 10,000 per ycar in the interval 1960 65. 

3. Between 1955 and 1965 a total of at least 100,000 competent new science 
teachers will be needed. 

4, The annual supply of potential science teachers is less than 5,000, of 
whom only about half actually begin teaching. 

5. A serious shortage of science teachers is growing and will continue into 
the next decade or longer. 

In view of these facts, the committee recommended that: 

1. Local and state school administrators make careful and realistic esti- 
mates of their future demands for science teachers ten years ahead, 

2. The National Education Association or the U. S. Office of Education 
gather, summarize, and publicize these needs, 

8. Particular attention be gisen to the smaller schools, usually rural, from 
which teachers are often recruited for large cities, 

4. Liberal arts and teachers. colleges concerned about the quality of in- 
struction ın secondary schools immediately begin, in cooperation with profes- 
sional scientific societies and associations, vigorous recruitment campaigns for 
secondary school teacher candidates, especially in science and in mathematics. 

___ > High school teachers deliberately work to encourage pupils to consider 

science teaching as a vocation. 

$. School administrators concentrate responsibility for science teaching 
among a minimum number of qualified teachers. 

7. Proposed curricular changes in science be carefully examined in terms 
of the number and ability of teachers required, 

The responsibilities of the science teacher are great, especially great in 
these times. As with any other creative area, 
tion, study, and self criticism leads to ex: 
teaching, remains a personal invention. 


a lifetime of practice, contempla- 
cellence, Teaching, especially science 


3» Fletcher Watson, au! Brandwein, and Sidney Ri 4 " revert 
Science Teaching, Harvard U., Cambridge, 1958, Pange, eds, Critical Years. Ahet 
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In the interim between these questions students watched and took notes. 
The next day they went to the laboratory, and prepared oxygen according to 
the procedure they had watched. They then spent the rest of the double-lab 
period testing the properties of oaygen by procedures they had read about 
in their text and in a supplementary chemistry text. 

A demonstration, in short, may be considered a group experiment in 
which selected members actually do the experiment, while all observe care- 
fully and suggest procedures, devices, controls, and safeguards. All students 
take notes; all are expected to use, in future work, the knowledge gained. 

The demonstration is not, of course, a substitute for the laboratory (see 
Chapters 7 and 13); it is but an additional tool of the teacher. 

The following references offer useful suggestions for demonstrations. 
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Tools for the science teacher 


The demonstration 


‘There are times when nothing but the demonstration will do, for example, 
when the teacher wishes: . i 

To begin a lesson and demonstrate a phenomenon at variance with ordi- 
nary experience (eg. a balloon sucking to the chall-board, by electrostatic 
attraction). P 

To end a lesson leading to an extension of work at home (eg, just a 
few minutes before the bell ıs to ring ending the lesson, he begins testing foods 
with. itrouscoranges, lemons, etc.—the bell rings and he wonders aloud who 
would finish this at home and report to the class). I 

To develop a point during the lesson (e.g, students are discussing the dif- 
ference between a single animal cell and a single-celled animal; at a suitable 
pont the teacher switches on a bioscope or microprojector or film to show a 
paramecium and a cheek cell). 

To highlight safety procedures in the laboratory (e g., the first time sr 
dents work with glass, the instructor needs to demonstrate how to insert glass 
tubing into a rubber stopper, how to bend glass, ete.). 

To demonstrate processes generally too dangerous or too complex for 
students to handle (e g, the Thermit process, the reduction of CuO, the dis 
section of an embryo pig, the first experience with circuitry in an oscillator). 

To demonstrate additronal aspects of laboratory work (e.g., it may not be 


desirable to have students do all types of preparations of, say, oxygen; one or 
more procedures might be demonstrated). 


For whatever purpose the demonstration is used, 
present evidence for a concept by doing, sceing, testing : 

Who does the demonstration? The class; every student. participates, in 
one way or another The demonstration is part of the lesson; as such, it would 
be wasteful to lecture as it is being done For instance, one teacher presented 
the routine preparation of oxygen in a general science class as follows: 





jor function is to 





1. Students set up the apparatus (they had tead beforehand). 
2, The teacher asked these questions: 


a, What substances are we to use? (The student who replied added 
the materials.) 


b. What is the equation for the reaction? (A student wrote it on the 
board) 


c, How shall we proceed? (The students told the teacher, who added 
appropriate cautions on safety Procedures.) 
d. How shall we collect the gas? 
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Tools for the science teacher 


The film, 
with directory of distributors 


We assume that you have the catalogues of educational film producers, 
most of whom are listed on p 481. Certainly your school library has the com- 
prehensive Educational Film Guide, with regular supplements. 

Even a most casual examination of the catalogues or the compendium 
shows a rich variety of films, both sound and silent But it is the use of these 
films with which we are concerned. (Analysis of kinds of equipment we leave 
to texts on the subject and to the teacher, who knows his needs. In purchasing 
equipment we follow two simple rules: (1) we examine the equipment and 
use, as a base for comparison, demonstrations by salesmen who explain the 
merits of their product; (2) we use the resources of the Department of Audio- 
Visual Aids of the National Education Association, or other expert (see p. 481). 

What are the uses of films? Again we repair to classroom observations, 

As introduction to a topic: For instance, one effective way to introduce 
and capture interest in the topic of classification is to show a film of a variety 
of interesting plants and animals Or in stimulating interest in metallurgy, 
show an industrial film, possibly on the winning of a metal. There are many 
such films available. 

We think it a mistake, however, to use the film constantly to introduce 
a topic; in teaching, as in hfe, variety of approach retains interest. For in- 
stance, we should not use a film to introduce a topic in which there is already 
great interest, such as satellites. 

As a review of a topic: For instance, there are many films on light and 
sound which may serve as a review of the topic. 

As a vicarious field trip: One cannot always go on a field trip to a farm 
or a laboratory or an industry; one can use a film instead. For instance, the 
class can visit a beehive (unless you want to keep one) via one of the many 
films available. So a class by means of a film can go on a field trip to see a 
farm harvest, an operation in a hospital, a cancer laboratory, erosion and its 
Prevention, a Bessemer furnace, the manufacture of plastics, the mining of 
sulfur, a cyclotron—almost any hind of field trip you would want to devise. 

Of course, a film does not take the place of a field trip. It is a vicarious 
experience, like the filmstrip, model, or chart, a next best way of getting 


€xperience and evidence. 


1H. W. Wilson Co., 950 University Ave, New York 52, N. Y. 
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Tools for the science teacher 


The chalk-board 


The somewhat derogatory word “chalh-talk” has its purposes; unfortu- 
nately, 1t casts aspersions on chalk, which is one of the most useful “tools” of 
the teacher. Its unfortunate connotation, in science at least, arises from the 
tact that very olten the chalk board is used only as an aid to the lecture and 
as a substitute for the experiment or the demonstration, as a substitute for 
seeing or doing. i 

Naturally, the teacher who has adapted the lecture to his own personality 
will use the chalk board as skillfully as he uses his personality and his lan- 
guage When he has finished his lecture, students will clearly see on the board 
the evidence, argument, and conclusion of the lesson. But use of the chalh- 
board is not restricted to the lecturer. Teacher and students, no matter what 
the pattern of the lesson is, can make good use of the chalk-board. 


As an aid in demonstration: Six students breathed on the board through 
their mouths, the class saw six spots of moisture appear and then evaporate. 
(Other similar devices are to be found in the accompanying volumes, A 
Sourcebook for the Biological Sciences and A Sourcebook for the Physical 
Sciences.) 

As an aid in illustration: One teacher drew diagrams of many different 
protozoa as an aid to identification for the first microscope lesson. 

As directions in aiding an experiment: A. teacher drew witing diagrams 
in color to assist his students in their first attempt to develop circuits. 

As an aid to discussion: As points are made, students write their conclu- 
sions on the board for all to sce and evaluate, Written statements are more 
easily analyzed than ones made orally. 

As an aid to a report: As a student made a report he listed his major 
points, and the most difficult (technical) words he used. 

4s an aid to projections: One teacher we know projects his slides directly 
on the chalk-board. He then outlines in chalk the object projected, emphasizing 
major points or structures When the projection is switched off, there, on the 
board, appears whatever the teacher wished to emphasize. 

As a reminder: One teacher had a permanent sector of the board titled 
“A Reminder.” There, schedules of visiting lecturers, field trips, demonstra- 
tions ın the assembly, schedules of tests, or required reading were posted. No 
student could say he didn't know about them, 

To emphasize and reinforce: And, of course, the skillful teacher uses the 
chalk-board to emphasize a point made by a student or the teacher himself. 
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We have found that it is a most useful procedure to develop the topic 
in which the film is used as we have described for the filmstrip (a "tool" sec- 
tion immediately following this one). Except that the film is used where 
motion lends meaning to what is being studied, the technique of its use is 
similar to that of other visualization. 

The film can be controlled; it can be stopped during its showing at suit- 
able points for discussion or for a class demonstration or experiment. It does 
not substitute for the teacher because the teacher uses the film as part of his 
design, as part of his plan for producing changes in behavior, for improving 
the skills, knowledges, and attitudes of the students in his care. 

Films, like TV, can be used by the teacher; but since teaching is not to 
be equated with telling and showing, the teacher in the film is not the same 
as the teacher in the classroom. The film is but one more tool in the arsenal 
of the competent teacher. 


Directory of distributors of films 


Below is a list of industrial concerns that have films and issue catalogues 
for distribution, and commercial film distributors with addresses of their 
central offices. A more extensive list is presented in the accompanying volume, 
A Sourcebook for the Biological Sciences. You will also want to consider lists 
Prepared by your State Department o£ Education and other state and federal 
departments. See, in particular, U. S. Governmental Film Catalogue No $434, 
U. S. Office of Education Bulleun No. Z1, also Bulletin No. 12, 4 Directory of 
3300 16 mm Film Libraries, 1956.5 


Allis Chalmers Manufacturing Co, Advertising Dept, Milwaukee 1, Wis. 
Almanac Films, Inc , 516 Fifth Ave, New York 18, N. Y. 

American Can Co, 100 Park Ave, New York, N. Y. 

American Cancer Soc., 47 Beaver St, New York 4, N. Y. 

American Film Registry, 24 E. 8 St, Chicago 5, W- 

American Guernsey Cattle Club, 70 Mam St., Peterborough, N H. 
American Museum of Natural History, 79 St. and Central Park West, N, 
American Potash Institute, 1102 16 St, NW, Washington, D. C. 
Associated Bulb Growers of Holland, 29 Broadway, New York, N. Y. 
Association Films, Inc., $47 Madison Ave., New York 17, N. Y. 

Athena Films, Inc., 165 W 46 St., New York 19, N. Y. 

Audio Productions, Inc , 630 Ninth Ave, New York 19, N Y 

Australian Neus & Information Bureau, 636 Fifth Ave., New York 20, N. Y. 
Bailey Films, Inc., 6509 De Longpre Ave., Hollywood 28, Cal. 

Bausch & Lomb Optical Ca., 635 St. Paul St, Rochester 2, N. Y. 

Beet Sugar Development Foundation, P. O. Box 531, Fort Collins, Col. 
Stanley Bowmar Co, 513 W. 166 St., New York 32, N. Y. 

Brandon Films, Inc., 200 W. 57 St, New York 19, N. Y. 

Bray Studios, 729 Seventh Ave, New York 19, N. y. 

Bureau of Communication Research, 15 E. 37 St, New York 16, N. Y. 


J. I. Case & Co., Inc, Racine, Wis. 
a 


*U. S. Government Printing Office, Washington, D C., 1951. 
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As an accessory experrment. Not all schools are fully equipped; not all 
classrooms have gas, electricitv, and water for every student; not all experi 
ments can be done with facility by everyone. For instance, to show that light 
exerts pressure reqiures compley equipment, to demonstrate that bacteria do 
drxide under special conditions is difficult \t that time a film may serve, But 
if at is to be a subsutute experiment, then it might as well be treated as one 


1 Before the film 1s shown, the experiment is planned by the class; that 
Is, an experimental design 1s devised This heightens interest as the class 
compares its own design with the film's, it also forms a base for criticism. 

2 Onh that part of the film which is concerned with the experiment is 
shown For instance, part of one film on hormones ? is given over to an experi 
ment on the effect of parathsioid hormone; the rest of the film is not shown 
at this time The «elected portion may be shown again and again until the 
class has milked it dry of meaning. 





AS an accessory micioscope or microproyector: There are some things 
which cannot be readily shown at the appropriate time through ordinary 
microscopes or mucroprojtctors (bacteria or other cells dividing. sperm enter- 
ang egg, etc) There are hiims which record these processes. 

Again, the technique is as in the accessory experiment—to use only that 
part of the film and to observe st again and again (by running it again and 
again). After all, the portions of the film concerned with the observation 
desired take up only two or three minutes And these portions need to be 
studied much as the same sort of things would need to be studied using the 
microscope or microproyector.* 

Asa test: One teacher we knew told the class at the beginning of the term 
that he would use a film at the end of the term as a test of their knowledge. 
When the ume came, he showed a sound film but cut off the sound track. The 
students were required to reconstruct the findings in the film. This technique 
is useful for films dealing with a specific experiment. 

And, of course, as a full-period lesson: The film can be used successfully 
as a full lesson, but unfortunately the use of the film is often less than creative: 





1. The film is put on, and the class watches. Discussion, if any, is carried 
on after the film, No notes are taken. 

2 ion i ii 

2. Too often the narration is above {or below) the level of certain students, 
orseven. of the whole class, The narration can be cut off and the teacher can 
substitute his own. 
: à as often the film “teaches,” even preaches, conclusions not justified 

Be e evi sige Presented in it. We consider the film as a means of presenting 

syidence; the conclusions should be reached by the students, through discus 
Sion anc’ argument. Again, the teacher can turn off the sound and the music. 


? Note that we do not mention speci " est 
ion specific films, we believe that mention of a fim or t 
Mcd. sn me interpreted as a recommendation Selection of films, texts. 
d r s ching met! a personal choice. s, 
ora rins he aeompannng volume, A. Sourcebook for the Biological Sciences, a description 
fe microprojector, effective for most materials used in the high school, is gne 
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Tools for the science teacher 


The filmstrip, 
with directory of distributors 


We should begin by noting that there is probably available a filmstrip 
useful for every unit (or large organized field of learning) in your courses of 
study. We urge you to develop a library of catalogues, which usually have 
brief descriptions of the filmstrips, as part of your resource file (p. 525). 

Generally spealing, the purpose of the filmstrip 1s to develop a sequential 
series of visualized ideas aimed at the building of concepts, although it may 
sometimes be used merely to furnish a tour (e.g. of an industry). 

We have before us several filmstrips—one aimed at the concept of electro- 
magnetism, another at the concept of scientific method, another at the concept 
of photosynthesis. All of them lend themselves to an approach which we have 
seen fine teachers use, and which results in widespread participation. This is 
but one way, of course, of using a filmstrip: 


1, The preceding day the lesson 1s decided upon; it may be planned with 
students, or be a sequence the teacher has in mind, or be part of an assigned 
report a student will make, or be chosen for some other reason. 

In any event, overnight the students read in the general area of the subject 
of the filmstrip. The teacher examines either the filmstrip or its guide. Most 
guides hase a fully illustrated sequence of the strip, with all the captions. 

2. Next day, the teacher (or a student on the laboratory squad, p. 501) 
puts the title frame on the screen (before the class period so that class time 
is not wasted). As soon as the lesson begins, the teacher (or student) snaps on 
the machine, and the tite (e.g, "How Green Plants Male Food") is flashed on. 

3. The teacher asks, "What do you expect to find in this filmstripz" In 
the very brief discussion which follows, the attention of the class is focused 
and the mental activity of students stimulated. Even those who "know" how 
Breen plants make food have their expectancy stimulated. 

4. As each frame is on the screen, the teacher discusses it with the class. 
Questions are asked by the teacher; students draw upon their experience; 
Notes are taken; all the devices of good teaching are exercised. 

5. At any appropriate point, the teacher (or a committee, or a student, 
if it is so planned) does a demonstration, for two reasons. First, the tempo of 
attention is altered; but second, and more important, not everything can be 

tearned from the filmstrip—some things are learned better in other ways. 

6. As each “eureka” (Chap. 6) develops, it is placed on the board. 


THE FILMSTRIP, WITH DIRECTORY OF DISTRIBUTORS — 483 


an 


Coronet Films, Coronet Building, Chicago 1, Ill. 
William Cox Enterprises, 2900 § Sawtelle Blsd, Los Angeles 24, Cal 
De Kalb Agricultural Assn, Educational Division, De Kalb, Ill 
Denoyer Geppert Company, 5235 N Ravenswood Ate, Chicago 40, Ill. 
Dow Chemical Co, Advertising Dept, Midland, Mich, 
Edited Pictures Svstem, Inc, 165 W. 46 St, New York 19, N. Y. 
Enacopaedia Britannica Films, Inc, 1150 Wilmette Ave., Wilmette, Ill. 
Ethyl Corp , Chrysler Bldg, New York 17, N.Y. 
General Electric Co Advertising & Sales Promotion Division, Schenectady, N. ¥ 
General Motors, Dept of Public Relations, 3044 Grand Blvd., Detroit 2, Mich 
Hawan Press Bureau, 1040 National Press Bldg, Washington 4,D C. 
Hy-Line Poultry Farms, 1206 Mulberry St, Des Moines 9, Iowa 
ideal Pictures Corp 58 E South Water St, Chicago 1, Ill. 
Institute of Visual Training 40 E 49 St, New York 17, N. Y. 
Institutional Cinema Service Inc, 165 W 46 St, New York, N. Y. 
International F Im Bureau Inc, 57 E. Jackson Blvd , Chicago, Ill. 
lowa State Unnersity. Bureau of Visual Instructions, Iowa City, Iowa 
Kansas State College, Dept of Poultry Husbandry, Manhattan, Kan. 
Knowledge Builders 625 Madison Ave, New York 22, N. Y. 
Lederle Laboratories, Ds of American Cyanamıd Co , 30 Rockefeller PI, N. Y. 20 
Library Films Inc 25 W 45 St, New York 19, N. Y. 
Metropolitan Life Insurance Co, | Madison Aye., New York 10, N. 
Mull, Industry Foundation, Chrysler Bldg., New York 17, N. Y. 
Modern Tallang Picture Service, Inc, 45 Rockefeller Plaza, New York 20, N. Y. 
National Audubon Society, LI$0 Fifth Ave, New York, N. Y. 
National Fertilzcr Assn , 616 Investment Bldg , Washington 5, D. C. 
National Film Board of Canada, 630 Fifth Ave , New York 20, N. Y. 
National Gatden Bureau, 407 S. Dearborn St., Chicago, Ill. 
National Tuberculosis Assn., 1790 Broadway, New York 19, N. Y. 
N Y. Times, Offce of Educational Activities, 229 W. 43 St, New York 36, N. Y- 
North Carolina State College, Dept. of Visual Aids, Raleigh, N. C. 
Ohio State University, Dept of Photography, Columbus 10, Oluo 
Samuel Orleans & Associates, Inc, 211 W. Cumberland Ave, Knoxville 15, Tenn 
Skibo Productions, Inc, 165 W. 46 St , New York 19, N. Y. 
Society for Visual Education, Inc, 1345 W. Disersey Parkway, Chicago 14, Ill 
Sugar Information, Inc., Sugar Research Foundation, 52 Wall St, N. Y. 5, N. Y 
Sut 5 Co, Public Relauons Dept , Union Stock Yards, Chicago 9, Ill. 
aching Films Custodians, Ine, 25 W. 43 St, New York 18, N. Y. 


U S. Dept. of Agriculture, Washington, D. C. 


U. S, Public Health Service, Co i ea: 
Varea Wa Pass ee Communicable Disease Center, Atlanta, 


Inc, 1445 Park Ave., New York 29, N Y. 
Unisersny of California, Unit tengi 1 Dept Union St. 
Werde Ca oma, Unierwy Extension, Visual Dept, 2272 


Visual Education Consult 
Ward's Natura] Science 
West Coast Lumberman’ 


tants, 2066 Helena St., Madison 4, Wis " 
Establishment, 3000 East Ridge Road, Rochester TN ^ 
's Assn , 1410 Southwest Morrison St, Portland 5, Ore 
Westinghouse Electric i a jm, 
Pittsburgh 30, Pa. Corp, School Service, 306 Fourth Ave, P. O. Box 


Wilke: Saro È Slides, P.Q Box 231, Cathedral Station, New York 25, N. Y. 
visconsin Alumni Research Foundation, P. O. Box 2059, Madison, Wis 

Wistar Institute, 86 St, and Woodland Ave, Philadelphia, Pa. 

Wool Bureau, Inc., 16 W, 46 St, New York IN. Y. 

Young America Films, Inc, 18 E 41 St, New York 17, N. Y 

Zurich American Tosurance Co, 135 La Salle St, Chicago 5, Ill 
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Tools for the science teacher 


The library lesson 


It cannot be taken for granted that students know how to use the library, 
especially in science. It is valuable to devise lessons which require the use 
of the library during class ume. Naturally, these lessons are planned with the 
librarian, who then becomes the teacher. 

For instance, the topic "Plant and Animal Breeding" might be developed 
into a library lesson in this manner: 


1. The topic might be stated “How have we improved plants and ani- 
mals?” 

2. The class, under its chairman, divides itself into groups concerned 
with various aspects, e.g, “For Food,” “For Work,” “For Beauty,” and so 
forth. Some may search out specific aspects, for instance, “Dogs,” “Horses,” 
“Apples,” “Blueberries,” “Honey-bees.” 

3. The class goes to the library, and if this is the first lesson, gets from the 
librarian a demonstration of the cataloging and storing devices used in the 
library, as they apply to science. 

4. The class begins work during that period and each individual student 
completes his assignment after class. 

5. Students then report to the class on what they have learned. 





A library lesson 1s particularly useful in general science. If it is given 
Once every month or every two months, whenever an appropriate topic is 
available, the students learn a valuable technique. Some topics we have found 
useful for a library lesson are: 


Plant and Animal Breeding 

The Lives of Scientists 

The History of Atomic Energy 

Science in Industry 

Industrial Processes (steel-mabing, soap-making, paper manufacture, etc.) 
"The History of the Earth 


THE LIBRARY LESSON — 4:5 


7 When the filmstrip has been shown, each student is asked to write a 
brief summary He may refer to his notes, to the board, and to his recall of 
past experience and reading. g 

8. Selected summaries are read in class and rated by the class (that is, after 
a summary is read the teacher will say, "John, what mark would you give 
this out of 10°” If John says "8," the teacher asks “Why?” The class can 
quickly decide on the grade). The teacher gives the student two grades—the 
one given by the class, and the teacher's own. 


One teacher we know reviews in this way: After showing the filmstrip 
and discussing it as above, he flashes on a frame, with the caption masked 
with a card. He then asks the students to describe the frame. 

In any event, whatever approach is used, effective teaching practice indi- 
cates that the filmstrip be used in a lesson, and not substituted for a lesson. À 
filmstrip properly used is a lesson using visualization to help the teacher alter 
the behavior of his students in a desirable way. 

Using a filmstrip properly is an art, and, with the increase in the quality as 
well as the number of filmstrips, it is becoming an excellent one in the arsenal 
of teaching tools. 


Directory of filmstrip distributors 


Academy Films, Box 3088, Hollywood, Cal 
Encyclopaedia Britannica Films, Inc, may be obtained at the following offices 
101 Marietta St , Atlanta 3, Ga 
3745 Crabtree Road, Birmingham, Mich, 
161 Massachusetts Ave , Boston 16, Mass 
1860 E. 85 St , Cleveland 6, Ohio 
1414 Dragon St, Dallas 2, Tex. 
5625 Hollywood Blid , Hollywood, Cal. 
7421 Park Ave, Minneapolis 23, Minn. 
202 E. 44 St, New York 17, N. Y. 
2129 N.E. Broadway, Portland 5, Ore. 
1150 Wilmette Ave , Wilmette, Ill. 
Filmstrip House, 25 Broad $t, New York 4, N. Y. 
Jam Handy Organization, 2821 Last Grand Blvd, Detroit 11, Mich, 
Life Magazine, Inc, Filmstrip Division, 9 Rockefeller Plaza, New York 20, N Y. 
New York Times, Office of Educational Activities, 229 W. 43 St., New York 36. 
Photo Lab, Inc. 3825 Georgia Ave., N.W, Washington 11, D. C. 
Popular Science Publishing Co, Audio Visual Division, 353 Fourth Ave, New 
York 10, N. Y. 
Society for Visual Education, Inc., 1845 W. Diversey Parkway, Chicago 14, Ill. 
Sugar Information, Inc, 52 Wall St, New York 5, N. Y. 
Universal Color Studios, P O Box 216, Gracie Square Station, New York 28, N. Y. 
Vuswal Lducation Consulates, Inc, 2066 Helena Sc, Madison 4, Wis 
Young America Films, Inc, 18 E. 41 St, New York 17, N. Y. 
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scopes, first in relation to work directed by laboratory sheets, then in relation 
to an experiment they plan. They are given “practical examinations” (such 
as those described on page 402) in use of the tools and in identification of 
microorganisms, rocks, and so forth. 

Opportunity to repeat some of the classic experiments in science. This has 
been called “looking over the shoulder of the scientist.” For example, in 
dealing with Lavoisier’s classic experiment in heating mercuric oxide, the 
class begins with an assignment on Lavoisier, his life and times; reports are 
given. Then the experiment may be done as a demonstration by a group of 
students or by the teacher, according to Lavoisier’s descriptions This may 
be followed by individual or group work with HgO in the laboratory, studying 
its properties, percentage composition, etc. Then the class extends this work by 
continuing with Lavoisier's experiments 1n burning. 

(Students might, as a project, prepare such an investigation into the his- 
tory of science a month in advance of its "trial" in class—Priestley's experi- 
ments, Winogradsky's experiments, for example.) 

Opportunity to vary standard experiments along “original” lines. Stu- 
dents are constantly ashing questions after doing the standard experiments. 
For instance, after testing the reaction of Paramecium to salt, they may ask, 
“May we try ink?” The reaction of Paramecium in shooting out trichocysts 
in reaction to ink is most edifying and may lead to further work. Standard 
experiments may be varied ad infinitum. 

Opportunity to do an “original” experiment or project in the laboratory, 
This can be sustained over a semester, or over several years. We discuss the 
Project on p. 498. There is, of course, the matter of room for these experiments. 
Facilities for experimentation of this kind are at best limited. But many of 
these projects can be, and have been, carried out in the preparauon room (see 
Science Facilities, p. 506); in a corner of the laboratory, in the ordinary class- 
Toom (a table set up in one corner, perhaps), at home, in a college or univer- 
sity laboratory; in a museum 





A note on workbooks 


Rarely does a meeting of teachers go by without someone's attacking the 
workbook. The controversy between users of workbooks and laboratory manuals 
is likely to continue for some time. Neal ? has summarized what to us are salient 
Points in the “workbooks, yes; workbooks, no” controversy. He writes: 


Workbooks for use in connection with secondary school science textbooks have 
recently been discussed at greater length than space permits here. Those who argue 
for the present type of workbook usually hold that it should be possible to do better 
workbooks—publications which would offer inspirational thinking exercises on a 

~~ 


1 See the H: dies, described ın Chapter 2, page 48 of this book. 
žNathan A. Med, "lestbcoks, Workbooks, and Laboratory Manuals in Science,” Na- 


tional Association of Secondary-School Principals Bulletin, Jan. 1953, pp. 129 37. 
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Tools for the science teacher 


The laboratory lesson, 
with a note on workbooks 


The word “laboratory” has been endowed with a mystical connotation; 
it is as if xt were a church where one went in supplication and came out al- 
ways with the desired answer—the solution to the problem. Discussions of the 
place of the laboratory by teachers of science sometimes border on unreality: 


If only students could use the laboratory to solve problems, the ways of the 
scientist would be taught 
If only the “cookbook” experiment were eliminated, if only we did not use 

“workbooks,” we should truly teach science. 

Yet reflection will show that the laboratory experiment is only one way 
of the scientist; before he enters ıt and during his work there, he spends much 
time in thinking, reading, and consulting Furthermore, much of his work in 
the laboratory is routine, the design of an experiment is perhaps more a mat 
ter of thinking than of working with one’s hands. 

lt would scem to us that a full laboratory experience in high school 
should include the following. 

Opportunity to learn to plan sequential work. First there is a period of 
acclimation. Students begin with directed laboratory work. These directions 
may be developed in the teacher's own work sheets, or may be found in good 
workbooks; the purpose of this work is to give students the feel of the labora- 
tory, to find out where equipment is, and the like. Most important, its put 
pose 1s to permit the instructor to note ways of work and to note particularly 
those students whose habits of work may result in accidents. 

After this initial period of acclimation, students are given the topic of an 
experiment and the necessary equipment, and ashed (as an assignment) to 
plan their own experiments; these are checked and approved. The students 
then proceed on their own. For instance, after the first weel's work on simple 
machines in the phjsics laboratory students may plan their own experiment 
on the inclined plane. 

After a few such experiences students are ready to try a longer experi- 
ment, For instance, in chemistry students may work on an “unknown” te 
quiring many periods of work. In biology students may classify an “unknown! 
animal under the microscope, dissect an unusual specimen, or go so far as t0 
determine the genetic make-up of a special stock of Drosophila. 

Opportunity to learn skills. Students learn to use burners, balances, micro 
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scopes, first in relation to work directed by laboratory sheets, then in relation 
to an experiment they plan. They are given "practical examinations” (such 
as those described on page 402) in use of the tools and in identification of 
microorganisms, rocks, and so forth. 

Opportunity to repeat some of the classic experiments in science. This has 
been called “looking over the shoulder of the scientist.” For example, in 
dealing with Lavoisier’s classic experiment in heatmg mercuric oxide, the 
dass begins with an assignment on Lavoisier, his life and times; reports are 
given. Then the experiment may be done as a demonstration by a group of 
students or by the teacher, according to Lavoisier's description.t This may 
be followed by individual or group work with HgO in the laboratory, studying 
its properties, percentage composition, etc. Then the class extends this work by 
continuing with Lavoisier's experiments in burning. 

(Students might, as a project, prepare such an investigation into the his- 
tory of science a month in advance of its "trial" in class—Priestley's experi- 
ments, Winogradsky's experiments, for example.) 

Opportunity to vary standard experiments along “original” lines. Stu- 
dents are constantly asking questions after doing the standard experiments. 
For instance, after testing the reaction of Paramecium to salt, they may ask, 
“May we try ink?” The reaction of Paramecium in shooting out trichocysts 
in reaction to ink is most edifying and may lead to further work. Standard 
experiments may be varied ad infinitum. 

Opportunity to do an “original” experiment or project in the laboratory. 
This can be sustained over a semester, or over several years. We discuss the 
Project on p. 498. There is, of course, the matter of room for these experiments. 
Facilities for experimentation of this Kind are at best limited. But many of 
these projects can be, and have been, carried out in the preparation room (see 
Science Facilities, p. 506), in a corner of the laboratory; in the ordinary class. 
Toom (a table set up in one corner, perhaps); at home, in a college or univer- 
sity laboratory; in a museum. 








A note on workbooks 


Rarely does a meeting of teachers go by without someone's attacking the 
workbook. The controversy between users of workbooks and laboratory manuals 
is likely to continue for some time. Neal ? has summarized what to us are salient 
Points in the “workbooks, yes; workbooks, no” controversy. He writes: 


Workbooks for use in connection with secondary school science textbooks have 
recently been discussed at greater length tban space permuts here. Those who argue 
for the present type of workbook usually hold that it should be possible to do better 
Workbooks- publications which would ofer inspirational thinking exercises on a 

ceri 


2 See the H; -d Case Studies, descr:bed ın Chapter 2, page 48 of this book. 
tNathan A. Neal, “Textbooks, Workbooks, and Laboratory Manuals in Science,” Na- 
htonal Association of Secondary-School Principals Bulletin, Jan. 1953, pp. 229 37, 
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variety of levels for pupils of differing abilities. These same proponents also say 
that cost and time limitations usually prevent the publication and use of the type 
of workbooks which 1t 1s claimed would be desirable. Arguments in favor of the 
usual read the book fill-n the blanks type of workbook are: * 

1 It saves teacher time spent in writing exercises and other workbook ma 
terials on the blackboard for pupils to copy and use. A 

2 The preparation of workboohs—objective exercises, suggested activities, 
review questions—requires greater skill and more time than most teachers have 
for this phase of their work. 

3. Workbooks assure study guidance for all pupils. 

4. Workbooks assure some pupil time spent on daily homework. 

5 Workbooks give practice an following printed instructions, an activity that 
1s common in adult life. 

6 Workbooks usually contain illustrations accompanied by sufficient exercises 
and questions to gue the pupil real experience in interpreting illustrations or 
diagrams 

7 Workbooks provide practice in reading for information rather than merely 
for pleasure, a skill which young people need to develop. 


‘Those who argue t that present type workbooks are worse than none label 
them as hodgepodges of poorly selected, poorly organized, pedagogically unsound 
teaching devices. They observe that workbooks are often constructed in the cheap- 
est possible manner with poor typography, low quality paper. cramped writing 
space, and are inconveniently sized. It ss further argued that time devoted to 
routine workbook exercises, questions and tests could be better devoted to simple 
experiments, field trips, observations, and activities that are more stimulating and 
satisfying A publisher might answer that publication of the best possible work- 
books would be as costly 1n time, editorial effort, and money as textbooks, and 
that the product would necessarily be priced outside any existing market for 
workbooks. 

We find similar arguments applied to laboratory manuals for secondary 
school science. There are some who oppose published manuals because they tend 
to standardize pupil activity in the laboratory and discourage learning through 
individual experimentation. The critics often refer to even the best published 
laboratory manuals as “cookbooks” They argue that the only good laboratory 
anamual » one made by the teacher on the job cach year alter he is acquainted 
with the interests and abibties of individual pupils. The pro arguments are to the 
effect that there would be much less laboratory work without printed manuals: 
that pupils with special abilities can design their own individual experiments, 
that the great majority need proved and printed procedures in order to achieve 
any results; that teacher ume is saved, that expensive laboratory materials and 
equipment are conserved; that the printed laboratory manual need not be a 
“cookbook” in the hands of a skillful teacher $ 

> Jach Hudspeth, "Workbooks-? Yes The Science Teacher, 18, 74, March 1951. 


q Herbert 5 Zim, "Workbooks—2 No," The Science Teacher, 18, 25, March 1951. 


t Greta Oppe, ' Workbooks—Worktexts--Laboratory À " t 
dieu e ies Opp Work booka Works tory Manuals," Metropolitan Detrou 








, Preparing one's own workbook. We have seen teachers prepare their own 
mimeographed workbooks to meet particular situations, eg: 


1 A teacher of chemistry wished to introduce his. laboratory work based 
on semi-micro techmiques. (By the way, the evidence is by no means conclusive 
that skills in chemistry are learned better by semi-micro techniques, although 
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they are an interesting variation.) There are now several workbooks which use 
these techniques. 

2. One teacher developed “case studies” in biology; these Jed to laboratory 
work. 

5. One teacher modified certain college physics laboratory work for his 
high school class. 

4, One teacher (dealing with science shy students—in this case slow learn- 
en) developed a full set of laboratory sheets in applied chemistry. 


A deviation in the use of workbooks. One of the most interesting and fruit- 
ful interpretations of the workbook we observed was this: A teacher gave his 
class a “standard” workbook in chemistry and explained that this was their 
guide to the course. They would meet in the laboratory daily and each student 
could work as fast as he wished, but a deadline was set for all. He would need 
to supplement his work with reading in various texts, the examinations tested 
the subject matter of chemistry. 

‘The teacher was in the laboratory for consultation, when he saw a general 
dificulty, or upon request, he would caution. ask questions, carry on a dis- 
cussion, or do a demonstration. Apparently, a workbook can be used creatively. 


I, The class finished the standard work in eight months; two months were 
left for doing "origina! work." 

2 The gain in skills over a "regular" class was obvious even to the casual 
Observer, The students were workmanlike and adult in their approach to the 
laboratory work; they had learned to plan. 

3. On standard examinations this class scored higher than “standard” 
Classes of similar pupils. For instance, in the state examination the mean score 
for this class was eight points above the others. 


The quest for originality. In a heterogeneous group, there will be some 
students who will not be able to do even carefully directed workbook exercises. 
Some will manage well enough. And some will want to do more and learn 
more; a way of giving scope to such gifts in the laboratory may be indicated in 
this approach: 

A student on the laboratory squad (p. 501) is assigned to each class. Stu- 
dents who have finished an exercise, or who, because of their skill or knowledge, 
have the teacher's permission to do so, may get equipment from this student 
Laboratory assistant and proceed to “original” work (the plan is checked by 
the teacher, if only to avoid accident and possible injury). : 

Thus, any given laboratory may find students varying in the kind of work 
they do, from repetition to true originality. a Ae g 

Work in the laboratory, like work in the classroom, is an invention of the 
teacher and the students. But the teacher is responsible for the climate and the 
Opportunities, 
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Tools for the science teacher 


The field trip 


Throughout this book we have mentioned various kinds of field trips; we 
assumed in doing this that the field trip is a necessary part of teaching science. 
Ihe basic reason for trips is clear: to provide additional evidence and experi- 
ence that cannot be had within the classroom. Even apart from the main pur 
pose of the trip, biological, astronomical, etc., there are many concomitants: 


1. Students get to know their community, or its surroundings, better. 

2, "They get insight into vocational opportunities (e.g., a trip to a dam or 
bridge may inspire an engineer; a trip to a pond, a conservationist or biologist; 
a trip to a weather bureau, a meteorologist). 

3. They collect materials: animals (frogs, harmless reptiles, small inverte- 
brates); plants (ferns, mosses, fungi, seeds); rocks and minerals; building 
materials (insulating materials, stone, brich); and so on. 

4. They may develop hobbies: photography, astronomy, hiking, making 
and displaying collections. 

5. "They have fun, and develop better relationships with the teacher and 
with each other. 

6. They may develop a sense of beauty 


Probably any teacher could add to this list of desirable concomitants to 
a field trip. It must be remembered that these things do not automatically 
occur; they must be planned for just as carefully as the subject-matter purpose 
of the trip is prepared for. The students can do much of this preplanning, and, 
we feel, should take on responsibility for finding appropriate solutions to ques: 
tions which must be answered when a field wip is being considered—where, 
when, why, what, who, and how? If the trip is to be significant to them, they 
should share in the responsibility. This will relieve the teacher of some details 
and also will help keep the group under control and give purpose to the effort. 

Although a field trip can yield so much i£ it is well conducted and prepared 
for, it is a difficult thing to carry out. A field trip takes more time than a class 
period; it disrupts administrative procedures; there is danger of accidents; and, 
above all, the field trip takes careful, even arduous, preparation. 

A file of possible field trips with specific instructions about persons to 
contact for permission (address, telephone number), route to follow, trans- 
portation, fees, hours possible, meals available, housing (for overnight trips). 


1$et F. G. Watson, Using Museums for General Science Classes, Bulletin 6, Wesleyan 
University Press, Education Center, Columbus, Ohio, free. 
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Test rooms, etc., is exceedingly valuable. One such file for the school, or even 
the school system, is better than a separate file for each teacher; by pooling 
our knowledge and experience, we can eliminate much of the drudgery. 
Preparation for the field trip. Almost any kind of field trip requires prepa- 
ration like the following (plus careful planning of the subject of the trip): 


1. Obtaining permissions: principal or superintendent, parents, land- 
owner or director of museum, industry, etc. 

2. Note to parents: purpose of trip, time of leaving and return, place, cost 
(if any), equipment and clothing recommended, kind of transportation. 

3. Planning with assistant leaders: guides, managers, parents, student 
helpers, briefed as to age and interest level of group, goals of teacher. 

4. Safety: first-aid kit checked (assorted bandages, roll of gauze, adhesive 
tape, scissors, antiseptic, naphtha soap, other items depending on nature of 
trip), rules understood by students, forethought given to danger points. 

5. Equipment: notebooks and pencils, other equipment depending on 
nature of trip, if collecting trip, containers, newspaper, trowels, vasculums, 
knives, nets, guides and keys, field glasses, cameras, etc., classroom set up in 
advance to accommodate whatever may be brought back. 

6. Transportation arranged and permission obtained. 

7. Lunch: individual or group; preparing and clean-up committees, 

8. Alternate program in case of rain or other cause of cancellation. 

9. Follow-up: reports, discussion, conclusions, new activities. 

One approach to a field trip to study plant life. There are many ways to 
study plants in the field: the teacher may conduct a guided tour; students may 
be taught the use of the key in the lesson before, and taken out to practice 
what they have learned; students may simply collect specimens on a field trip, 
and bring them back to the classroom to identify them. Or perhaps the follow- 
ing approach may be useful. 

On a field trip to a pond area students began to ask, perhaps idly, “What 
kind of tree is that?” The teacher suggested that they identify it as follows: 


l. Give each type of tree a number instead of a name. 

2. Note the characteristics of each type of tree, particularly those which set 
it off from the others. (For instance, the lobed leaves, opposite branching, and 
Winged fruits of the sugar maple were hsted as identifying “Tree No. 1.”) 

3. Take a “practical examination” (this required them to associate the 
numbers with the sets af characteristics). 


Students thus learned the characteristics of the different trees by numbers; 
they did not have the obstacle of learning scientific names at the beginning. 

While the students were eating lunch after this activity, the teacher placed 
labels on the numbered trees, giving their common and scientific names. Some- 
how this procedure excited the students, so that they spent special effort in 
associating the name with the characteristics they had previously learned. 
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One approach to a field trip in astronomy. Two major types of astronomy 
held trips come to mind, one for field observations, the other to an observatory 
or planetarium Let us explore a trip for observations. 

When: probably best taken in the autumn when the evenings are still 
warm but the sun sets early. A moonless night, perhaps about seven p.m. 
when the shy 1s nearly as dark as it will be, would be the best time to arrive. 

Ve heie* any convenient place, relatively away from street lights and auto 
hghts, with a fairly clear horizon (the local football field or a hilltop farm), 
as near at hand as practical; long drives take time and may result ín "lost 
cars” Arrange in advance for permission to use the property chosen. 

Transportation: on {oot if possible. Possibly by school bus, otherwise by 
automobile. In any case, get signed permission slips from parents. Check drivers 
for liability insurance, as well as driving skill. Frovide each driver with written 
instructions of route, including a map. Proceed in a convoy if possible. 

Iho: preferably all students in the class plus others who may be inter- 
ested; parents, both as drivers, and because they may be interested (good 
“public relations"), amateurs who may bring telescopes and otherwise help 
with the group. 

Why: to obtain firsthand answers to questions important to the students. 

Special equipment: flashlights, star maps, warm clothes, telescopes (if avail- 
able by loan or with owner), binoculars, one or two cameras for pictures of 
constellations and star trails (loaded with the “fastest” film, like Tri-X). 

Possible observations: A special trip such as that indicated is not necessary 
for observation (projected) of the bright sun or the moon, which can be ob- 
served during the day from the school grounds. Possible observations: 


1, Any bright planets: Venus, Mars, Jupiter, Saturn, Uranus, The last is 
greenish in color, but not readily found; it shows a disk only under quite high 
magnification, Take note of the color, angular diameter, surface markings, 
phase, crescent (if any), annual motion across sky, satellites. 

2. Stars: Star patterns (omit the faint, inconspicuous ones), stability of 
patterns with time (zodiacal constellations named some 5,000 years ago). Rising 
and setting of star groups, circumpolar motion of Big Dipper and Cassiopeia. 
Set one camera with wide-open lens pointing toward polar zone and take one- 
hour time exposure. Also take short exposures of one minute of polar region 
and of other interesting star groups (Northern Cross in Cygnus, Lyra, Cas- 
siopeia). Star colors (relation to surface temperature}. Star brightnesses, Loca- 
tion of naked-eye variable stars (Algol, Mira, Delta Cephei), Note the band of 
the Milky Way. In October, the “summer Milky Way,” including Cygnus, will 
be visible; note great split or rift in Milky Way and faintness of western side 
(due to interstellar dust and gas). With binoculars or telescope, observe faint 
stars not individually visible to the naked eye (mention Galileo's discovery of 
fainter stars). With the aid of a star map or list of interesting objects, locate and 
observe a double star, a star cluster, a gaseous nebula, and possibly a galaxy. 

3. Possibly meteors (shooting stars) and auroral activity. 

4. Questions and comments for further insestigation in the classroom. 
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each paragraph, summarizing these thoughts in writing, and using the table ol 
contents and index, We found that teaching reading of science this way reduced 
the time students needed to do their homework, and raised reading scores on 
an objective test (p 153), The method we described was particularly useful with 
the science shy, but also improved the reading of the science prone, 

We hase found 1t useful to give 2 lesson in which students use their texts 
im class every week or so, The occasion for this may be a lesson planned by the 
class (again we note that “the class” includes the teacher), or planned by the 
teacher who recognizes that students ate not using the text fruitfully, Topics 
which seem suitable for this type of lesson are: 


A first lesson on the periodic table. 

A lesson on classification. 

Plant and animal breeding. 

Industrial applications of chemistry (metallurgy of iron, Haber process, 
uses of nitrogen compounds, uses of nonmetals, etc). 

"The solar system. 

Predicting weather (including weather maps). 


Jn using the text ın class we have observed several devices particularly 
useful for discovering the poor reader. If the teacher goes from desk to desk 
(assuming, of course, a permissive, nonthreatening atmosphere), students will 
admit their difficulties, which are often easily remedied. Perhaps a student 
doesn’t realize that he can make use of the glossary or a dictionary; perhaps 
he doesn't realize that he should take notes of the major thoughts a5 he reads, 
perhaps he sticks at certain words and worries about them, instead of going on 
and looking them up later. By using the text in this way, of course, the teacher 
helps the students acquire more efficient study habits, 

Toward the end of the lesson, time may be taken to have students read 
aloud their summaries, which may then be criticized. 

In addition, if students have been taught to use the text properly, they catt 
very easily review for a test; their summaries should be saved for this purpose. 

To read ahead. By means of the test described in Chapter 20, students are 
stimulated to read ahead. If they do advance reading, even in order to raise 
their grades, at least they have done the reading. It is to be hoped, of course, 
that the teacher will make the work of the class so interesting that the students 
will want to read ahead even without the bonus of extra points. 

The text in the laboratory. When a laboratory session is scheduled some 
teachers wheel in a library cart with some reference texts, some college texts, 
some industrial applications, and others such as How To Do an Experiment? 
Better yet, have such books continuously at hand, and mention those of 
special pertinence to the laboratory work. 





2 P. Goldstein, Harcourt, Brace, N. Y. 1957. 
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Supplementing the text 


It is impossible to find or write one text which fits the entire range of 
ability in a class. In reading ability alone, tests of more than 4,000 ninth-grade 
students showed scores of 4.5 (fourth grade) to college level. Exen homogeneous 
classes will be heterogeneous for some ability which has bearing on the text 
they use. To help all students in the class learn as much as possible, diversified 
reading materials are essential. The following procedures have been helpful 
in overcoming the problem of varying ability: 


1, All students are provided with one basic text chosen for general cov- 
erage, ability to interest students, and accuracy. 

2 All students are provided with a second text appropriate to their abili 
lies: the science prone with a college text perhaps, the science shy with an 
easier text, or pamphlets, or texts for slow readers.? The purpose in providing 
dual texts is obvious: to improve reading level, the student should have not 
only a text on his present reading lexel, but also at least one above it. If funds 
are not available to provide cach child with a second text, a few copies may 
be made available and the students encouraged to use them. 

3. OF course, a good library 1s needed to amplify any text. For useful 
suggestions for beginning a library, see the «olumes accompanying this text, 
as well as part of The Professional Library, p. 516. Without a library a basic 
text can hardly be expected to meet the varied needs and interests of children. 

One way of pointing students to the library is to have them do, as an 
assignment, the suggested activities at the end of the chapter of the text; 
these often indicate additional reading and can also lead to project work. 

4. In addition to books in the Library, encourage students to buy their 
own. A good number of excellent paperbacks are within the price range of 
most students; some of these are listed in The Professional Library. 

5. In addition to supplementing the text with additional material, the 
teacher will find it necessary to supplement it with recent news. One of the 
excitements of science is the new developments and ideas, which can be em- 
Phasized to the students by attention to news reports. Have you tried a bul- 
letin board titled “The Current Text"? On it students could post information 
about recent discoveries or articles from Screntific American, Science News 
Letter, and other magazines and newspapers. Or the teacher or students can 
rite summaries of recent advances and mimeograph them. 


We hope that the teacher will bave at hand diversified text materials 
appropriate for his own use. Fortunately, the variety of texts available in the 
United States is immense. But the teat, no matter how readable or thorough, 
is only one af the instruments used by the teacher to attain his purposes. 
IOS 

E in general science and biolozv. In punth-grade general 
Kience a book vu a rent pede redding evel £ vcd in addition 10 the regular text- 

. some general science texe contin sections appropriate for slow readers. Pamphlets 
{even the General Electric “comic books") can be used as starters for the very slow readers. 
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Tools for the science teacher 


The report 


Essentially, the report is a short lecture given by a student; if the reporter 
is not skillful, the report can be boring and confusing. If it is not carefully 
Prepared in advance, it is not only boring, but also a waste of time. Hence it is 
important for the teacher to teach the technique of student reporting. The 
English teacher will probably be delighted to cooperate. 

A few students are skillful in communicating information, but most are 
not. Yet all students need to learn the shill of oral communication of mforma 
tion; and communicating scientific information requires especial clarity. 

One teacher we know used che following techniques in teaching reporting: 

First, he discussed with the class the problems of reporting skillfully. 
The students generally agreed that to gne a report the reporter had to plan 
his report and give it in an interesting fashion. Of course, the classmates of 
the reporter would take notes because they were responsible for information 
in the report. The teacher discussed with the class the nature of lesson plan 
ning (as in Chapter 7). A report was planned under the following heads: 
(1) The beginning; (2) The middle; (3) The end. 


‘The beginning was intended to gain the interest of the audience; the title 
of the report was woven into the brief beginning. The middle was the body of 
the report; here the information was given with illustrations (slides, film- 
strips, demonstrations, models, charts). The end was a summary. All reports 
were open to questions by classmates, who were responsible for the information 
communicated, and the teacher, who could often help make a point clear, 

The practice this teacher followed was that of giving the first report him- 
self. He tried to demonstrate: 


Reference to notes (without reading them). 

Brevity (he limited himself to a stated time—five minutes at the most). 

Simple illustration (he used the chalk-board for simple drawings, demon- 
Strating, by the simplicity of his illustration, what most students could do). 

Loudness and clarity of speech. 


At the end of his report, the teacher again discussed with the class the fea- 
tures of the reporting technique. 

During the term ex ery student had an opportunity to give a report, and in 
that way gained confidence and shill. And every now and then the teacher 
again reported to the class to afford students an opportunity to discuss the 
Teporting technique, and, in reappraising it, to improve their own method. 
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Tools for the science teacher 


The project 


The project is meant to individualize instruction. Jt is clearly an effort 
to equalize opportunities (once again, equal opportunity does not mean 
identical exposure) so that those who have special abilities have the oppor 
tunities to fulfill themselves, Every youngster is an individual and the best 
instruction is for the individual need; the project, whether individual or 
group, helps us do this. 

The project approach was discussed in part in Chapters 3 and 9. But 
here we want to deal with it as a tool for the special care of the individual, 
gifted or not. In our experience, this is one of the best ways not only to stimu- 
late interest in science, but to help young people grow and gain status. 


Sponsors for project work, Project work takes the time of interested people. 
Who sponsors it? 


1, Interested teachers who are willing to give time to students before, 
during, or alter school hours, 


2. Interested parents with special training—engincers, doctors, or tech: 
nicians of all sorts. 

3. Scientists in the local industries. 

4. Scientists in the local university. 

5. Scientists, or teachers, who advise students by correspondence. (One of 
our students corresponded with a scientist on the West Coast, and completed 
a project in a field in which we had little skill or information.) 

6. Any responsible person, with time and abitity. 


In one city, three schools banded their facilities and sponsors. 

Sources of project work, Since the project should have a bit of originality 
about it, many teachers feel they should not attempt the work unless they have 
special training. Of course, as one does project work, one develops shill in 
aiding youngsters break through the thin walls of their tiny sphere of the 
unknown-their project. There are many ways to get suggestions for projects; 
some of them are: 

I. Your colleagues. 


2. Readings in the Scientific American, Science News Letter, The Science 
Teacher, The American Biology Teacher, The Quarterly Renew of Biology, 
The Journal of Chemical Education, Physics Today, Science World, Popular 
Science, and many others. Does your library get these journals? 
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3. In chemical, biological, physics abstracts are regular reports—abstracts 
of papers—by scientists. When students leaf through these they get ideas for 
projects. They may correspond with the scientist who is the author of the 
“project” report, the abstract of his research. We have found scientists in 
industry and in the university generally gracious in corresponding with stu- 
dents who ask reasonable questions! In mans instances this has helped a 
student decide for a career in science. 

4. Future Scientists of America, Science Service (Westinghouse National 
Science Talent Search), and other organizations have helpful publications, as 
listed on pp. 526-30. 

Space for project work. Often projects are not done for lack of space. A 
corner in the laboratory, the demonstration table in the preparation room or 
in the classroom, a cellar in the house of one of the students, a table in a 
garage—anywhere where the facilities needed are present will do. In one com- 
munity, the Parents’ Club donated the funds for the equipment; in another 
community, the students worked in the fire house, in another, they worked in 
one of the town garages In still another community, the high school had excel- 
lent facilities, but the local college furnished additional facilities. 

How does the teacher help a student do a project? Originally we had 
written a rather lengthy section, How To Do a Project. This was before Philip 
Goldstein’s book, How To Do an Experiment, became available. This book 
is so complete, so useful that we recommend it without reservation. A student 
who refers to it can begin a project, and with the aid (over the rough spots, 
such as purchasing equipment) and blessing of his teacher and other sponsors, 
complete his project or experiment. 

i that they should 
not wae sing tor Heit dhe" istonnstion abort “tures; Yometneilotons ec Such 


letters cannot be answered either effectively or politely Speafic questions based on thought 


and reading will produce helpful replies. È ^ 
? Have you sem the pubheation of Science Clubs of America, Science Service, Thousands 


Of Science Projects? 
? Harcourt, Brace, N. Y., 1957. 
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Tools for the science teacher fi 2 


Science clubs and science fairs 


The science club 


A science club is not a new idea The Royal Society of England was an 
early "club" for purposes ol scholarship In a ver) small way, our science clubs 
are “royal socrenes” of thar own, those who join these clubs are on the royal 
road to learning—domg more work, learning more, and willing to spend time 
to do so. A science club consists of a group of students so interested in science 
that they group themselves (to serve their interest, perhaps) beyond the regu: 
Jar class tame, usually a teacher ts the focus, even the reason, why the students 
have the interest they do. 

In our expenence, and from our talks with principals and departmental 
chairmen, clubs seem to center around an inspiring teacher; poor teachers do 
not have clubs Since participation in a science club is a free choice, students 
must have considerable freedom to operate their own club. A dominating 
or restricting sponsor will attract few club members. The clubs varied their 
activines from the general, such as “The Science Club” to the special, such 
as “The Genet.cists” One schoo) had fourteen science clubs. Another had one, 
with twelve divisions from the “Camera Group” to the "Fossil Hunters.” 

How i5 a club organized? What does a club activity involve? 


Fortun itely, a good deal of help 1s available; one of the best sources is the 
Science Ciub Sponsor's Handbook.t 


The science fair 


Science clubs often lead to science fairs, where students exhibit their 
work Some schools have their own fairs, other schools group to have city fairs: 
cities and towns group to have county fairs; county fairs group to have state 
fairs; state fairs group to have national science fairs. i 

How does one organize a science fair? How does one gain entry into exist 
ing fais? What are the standards of a good exhibit? Here, again, a good deal 
of help is available. Information may be obtained from Science Service, from 


A Manual for Sctence Fatrs and from the organizations listed and described 
in The Resource File, p. 525. 





1Saence Service, 1719 N Sta NW., Washington 6, D. C. 
2 Prepared by Ed "Section, Sn Museu i voL per 
117, Oa Ret. -Pducational Section, American Museum of Atomic Energy, P. 
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Tools for the science teacher ij 3 


Student laboratory squads 


All teachers of science have a heavy schedule; not only do they teach a 
normal number of classes (as do their colleagues in English), but also they 
need to prepare and repair equipment, and prepare for demonstrations and 
laboratories. Many of the routine chores necessary in preparing the next day’s 
lesson can be accomplished through student assistance; that is, by organizing 
a student laboratory squad. 

Some of the tasks a laboratory squad can take upon itself are offered 
below as examples: 


1. Show films and filmstrips (where teachers call for such help). 

2. Clean equipment (microscopes, balances). 

5. Maintain animals (rats, frogs, fruit flies). 

4. Prepare, catalogue, and store charts. 

5. Check. inventories of chemicals. 

6. Collect materials necessary for study (frog's eggs, cocoons, seeds, rocks, 
discarded radio parts). 

7. Build equipment of various kinds (germinating boxes, pinhole cameras). 


Although no one plan can be tailored for all schools—for each school is 
more or less unique, with varying specializations and divisions of labor-the 
following flexible plan may serve as a pattern. The procedures suggested 
here apply to the larger schools where there may be several classrooms and 
one or more laboratory rooms for science, and so not all the suggestions will 
apply to the smaller schools. Yet every teacher will find some that can be 
adapted to his own situation. 

An individual teacher may send out a call for volunteers. In a large 
department, a more cohesive organization can be evolved if all the teachers in 
it work together. Since students must work under a teacher's supervision, 
"working time" for students and teachers may be before school, after school, 
or better, during students’ free periods throughout the day. The method used 
will depend on which blocks of time can be coordinated with the teacher's 
time allowance. 

Filling orders. Under the guidance of a single teacher or a laboratory 


assistant,’ students can be trained to prepare the materials teachers have 
lois l ed laboratory assistant 

1 So: ities in Ni and New York employ trained laboratory assistants. 
Thee ans tree ile im Net dS is dece who prepare the laboraories, maintain eqorp- 
ment, and help students carry on projects. They are extremely valuable. 
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requested for the day. One plan which works successfully in large schools is to 
base teachers list all the specific materials they want twenty-four hours in ad- 
vance, perhaps on an order blank like the one shown above, and deposit the lists 
in a box reserved for them, Two students might be given the responsibility 10 
read through these order slips and inform teachers of conflicts (two teachers 
want the same teaching materials) so that the teachers involved. may either 
share materials or resolve their needs in some other fashion. Thus, where 
necessary, the teacher is given time to plan for other activities in advance 
of class. 

Delivering supplies. Student laboratory assistants are trained to find 
the materials in the laboratory. This presupposes an orderly arrangement of 
the laboratory, with drawers, shelves, and cabinets clearly labeled to identify 
their contents. Small orders may be stacked on a tray; large orders involving 
glassware, chemicals, microscopes, and the like, may be stacked on a cart which 
can be wheeled to classrooms, Materials should be distributed to the class: 
rooms and returned to the laboratory by students when there is no trafic 
in the corridors, This is an imperative safety regulation. (Other safety regula- 
tions are the same as those for all students in the laboratory;? in addition, 
dangerous chemicals, such as bottles of acids, and stacked Petri dishes, should 
be placed within a larger battery jar or box to avoid spilling or smashing in 
transit.) 

Cleaning up. When materials are ready for return to the laboratory, they 
should be replaced immediately in their storage locations. Some teachers 





2 For one set of safety instructions, see the companion volume, A Sourcebook for the 
Biological Sciences, 
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find it convenient to store materials in boxes organized by unit or problem 
area. However, this often immobilizes pieces of equipment. Part of the labora- 
tory squad should wash up glassware used the previous period, while other 
students on the squad distribute the materials to the classrooms for that 
period. 

In smaller schools, the student assistants may be responsible for getting, 
from the storeroom, materials teachers list as required, so that they are imme. 
diately available either at each student's work table or in an assigned place in 
the room. They can also be given responsibility for cleaning up after the 
laboratory period or at a time convenient to both teacher and student. 

In addition. Some students on the laboratory squad work well with their 
hands. Those with manipulative skills may be stumulated to devise wall racks 
for magazines or for glassware and storage racks for charts, among other 
laboratory needs. Students with artistic talent can prepare charts drawn on 
window shades or muslin sheeting, or drawings on glass slides for projection. 
Models can be made in clay or papier-mache.* 

During lulls in the laboratory work (dependent on the size of the squad), 
there may be time for those youngsters with deep interest in science to make 
explorations, to try out demonstrations, to perfect shill in the use of the 
microscope and other tools, and to read widely 

A typist in the group can be given responsibility for sending requests for 
free materials, ordering films for the next term's use in the classrooms, and 
making neat labels for exhibits. 

Although students vary in their abilities and are thereby assigned appro- 
priate and specific responsibilities in the laboratory, it is important that there 
be mutual cooperation. Everyone should “pitch in” when needed. There should 
be a rotation in the routine chores, if only to maintain esprit de corps. 

Continuity of the squad. Since time and training accompany the molding 
of a responsible squad so that it becomes a cooperatively functioning unit, 
there arises the problem of replacements. There is always some turnover from 
year to year, However, many students do continue to work on a laboratory 
squad until they are ready to graduate from high school. One solution to the 
Problem is that an experienced laboratory worker, during his last term on the 
squad, may be able to assume responsibility for training a novice from a lower 
term, possibly a freshman. By this method a laboratory squad always has some 
experienced students in its ranks and thus, in a sense, is self maintaining in 
membership. 2 

In return, The prestige and camaraderie afforded by membership on a 
laboratory squad which has high standards of work will draw youngsters of 
many talents and many motivations. Some youngsters may be interested mainly 

in the sociability developed; this, too, is healthy and a necessary aspect of 
adolescent life. A wise teacher can be firm yet kind in demanding fulfillment 
of responsibilities. 
— 


>See the accompanying volume, A Sourcebook for the Biological Sciences. 
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‘Those few youngsters who seem to lack any special talent or those who 
seem to "forget? responsibilities quickly, but who say they are interested in 
science (it may be no more than the fascination of sparkling glassware}, can 
be assigned more mundane chores, such as dusting, straightening up, washing 
glassware, or assisting in taking imventory. They have expressed a desire to 
york on the squad, let them satisfy that desire. High grades in science should 
not be the criterion for selecting students for work on a squad. Furthermore, 
such assistance should not be counted towards grades, although the experience 
will show on tests and reports. 

In many instances, the work on the laboratory squad gives young people 
an opportunity to develop interests which lead to a future vocation or avoca- 
tion. Or they may develop friendships, Or they may develop a sense of service, 
of citizenship, of giving, 1£ vou will. This last, some teachers think, is the most 
important contribution of the laboratory squad to its members, and of its 
members to the school. 
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The bulletin board 
and the exhibit case 


The bulletin board 


Throughout the country, school bulletin boards are used as follows: 

For notices. Notices of new books, articles in magazines and journals, 
scholarship examinations, fairs and exhibits, club meetings, and so forth. 

Current events. A recent bulletin board exhibit had newspaper accounts 
of the latest earth satellite with photographs. In addition, students had devel- 
oped their own short history of the development of rockets and satellites. 
There was also a section entitled "For Further Developments " 

Problem of the week. Once a week a committee of students posted a prob- 
Jem in physics, in chemistry, in biology. Students were free to answer it. At the 
end of the week, the answer was posted for comparison. 

Special bulletin boards. In one school, one wall in the laboratory was 
given over to a series of small bulletin boards, each designed for one club. 
Notices of meetings, topics for discussion, lists of members, and notices of visit- 
ing speakers were posted. In another school, with a weather station, one bulletin 
board called ""The Weather Vane" was a popular stopping place for students, 
ho compared forecasts of student weathermen with professional ones. 

These are but a few examples of the use of bulletin boards as teaching 
tools. Frequent changes in the materials posted and attractive arrangements 
are essential. Interesting bulletin boards will attract attention, and extend 
science into the life of the school. 


The exhibit case 


The floor plans on p. 509 show exhibit cases. These cases are exceedingly 
useful for, among other things: 

Exhibits of materials related to the topic at hand: examples of inverte- 
brates (study of classification), minerals and rocks (study of geology), ete. 

Exhibits of projects: individual or group. — 

Exhibits of books and printed materials: by librarian or teachers. 

Exhibits of laboratory set-up for the day (if it is to be complex). 

We have found that students like to set up exhibits. They introduce 
Novelty and frequent change to attract attention. Learning is thus stimulated 
Outside the classroom, and is reflected in work in the classroom as well. 
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Science facilities, 
with directory of suppliers 


Sooner or later a teacher has the opportunity to help design a new labora 
tory, refurmsh er modifs the one he is working in, or even draw up plans 
for a whole new building nduding science classrooms and laboratories. Ideally 
à science room should fit a teacher's personal teaching invention, But since 
he is not the only teacher who will use the room, it must be so contrived as to 
mect the needs of all Where cana teacher find help? 

There is no dearth of help, But like teaching itself, the facilities for 
science teaching are personal inventions. Hence, one examines all the mate 
tiat available and makes a selection suited to the teacher, the school, the com 
munity, and above all the youngsters being taught. It is useful to visit dif 
ferent schools and seek the advice of their experts. Science equipment com 
Panies (see list on p. 514) witt often furnish consultants. In addition, there art 
several very useful references: 


Murd, Paul dell Setence Fectlttes for the Modern [igh School, Educational Adminis 
tration Mon 


ograph No 2, Sanford U. Press Stanford, Cal. 1951. 
Jarmon, M. R. A, and H. A. Shannon, Science Facilities for Todays High Schools, 
Department of Public Instruction, North Carolina. 
Johnson, P Science Feciities for Secondary Schools, No. 17, Superintendent of Doct 
School Fani, Government Printing Office, Washington 23, D. Gx 1952 . 
Teach or Science Instruction, ed. by J, S. Richardson, National Science 
teachers Association, 1201 16 St, NAV. Washi gron 6, D. C. 1954. 








jason Science Facilities Jor Today's High Schools, a brief but very wal 
Buide, we reproduce a representative part, with illustrations. 
i parane baaton for a science layout in a large high school, This may be 
which contains ac it may be part of a larger building. At the center is a Co! 
The wee utilities: water, gas, sewer, electric 
cabinets, work cec] 2 separated from each other by partitions made of storage 
ment are spaced abort nit: and sheh ing. ‘These units of furnishings and equip 
utilities to run aaua? loot apart, back to back, to provide a “chase” or shalt o 
and 4 are cross sons C* 00 the work counters and sink units. Sections 1, 2 $ 
Perspective Tahoe homing the “chases” berween units of equipment = 
a scienee room and a no Classroom side of a unit of furniture located betwet? 
loner section ‘The us Project work room. This unit has storage cabinets in Y 
Picture screen for very CUON has chalk-hoards, which may slide and uncover $ 
when such an item pe CS This space might be used for a television scree 
em Decomes avaitable for school use. In addition the stiding chalk- 
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AA’ Clessooms (32 seats, 16 pupil tobles, — P Potting bench with storage cabinets 
movable) Q Preparation table with peg board over 

B Preperation and supply room sink 

C — Demonstration toble with sink R Bin for storage of glass tubing 

D — Teacher's desk and choir S Shelves (bulletin boards over in classe 

E Vertical, legal-size letter file rooms) 

F — Shade-type beaded screen T Shop workbench with tool storage locker 

G Blackboard (cork board over) U Strong safe for projectors, microscopes, 

H Closet for apparatus etc 

| Museum specimen exhibit case V Asbestos blanket 

1 Closet for general supplies, etc. W Windows with double shades, radiators 

K Pupils’ clothing wardrobe under 

(Teacher's clothes locker X Convenient outlets for 110 v, AC 

M Hall display cork boards Y CO; fire extinguisher 

‘ Hall display case with sliding doors Z Truck for tronsportation of apparatus 


Mimeogreph machine ond table 


of a small double-tiered cart (such as is used in the cafeteria to carry dishes). 
On it were 15 spirit lamps, 15 wash bottles, and 15 empty jars or frnit juice 
cans for waste. Thus heat, water, and sink were made available; this was ade- 
quate for the vast majority of experiments done in general science. 

Or you may want to develop your own movable laboratory table. Dr. 
Newton Sprague, Science Supervisor in the Indianapolis Schools, has devel- 
oped such a table and provided us with a photograph and drawing of it (p. 
ub Plans for its construction and for its equipment may be obtained from 

um, 

Or you may want to develop your own laboratory for general science. 
Note that the laboratory classroom to be described could be used with splendid 
advantage for any kind of science teaching. The laboratory was developed 
by a committee of teachers of the Minneapolis Public Schools, with the guid- 
ance of Dr. J. Hervey Shutts, Supervisor of Science. The following description 
S Prepared by this committee and graciously made available to us by Dr. 

utes: 
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in the course of planning the Northeast Junior High School science suite, a 
teacher-planning committee drew up a statement of proposed objectives and lay- 
out which they considered optimum. The rooms which were designed to these 
specifications are shown in the accompanying plan. The numbers on the plan refer 
to those on the equipment list. An explanation of the diagram follows. The general 
route of the survey is clockwise around the room beginning with display cabinet 
numbered one. 

1. The upper portion is a display cabinet for student projects. The lower 
portion of this cabinet area 1s a storage unit contaimng a safety shut-off vahe for 
the gas. 

2. A series of six cabinets, three abose and three below. accommodates col- 
lection and return of students’ papers, notebooks, and projects. Each of the six 
cabinets contains thirty-six removable shehv es. 

5. "The wall cases in this part of the room are divided into. four sections 
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The upper part of the first section, which is nearest the front door, contains the 
room clock and public address speaker complete with mechanisms, and the lower 
part is an open shelf useful for a bookcase or placement of semipermanent equip- 
ment. The second and third sections of this wall case are cabinets having glass 
doors for display of small projects mainly of interest to science classes. The fourth 
section is a blind storage cabinet 
4 The student work bench has an alberene stone sink at the right end 
Underneath the formica surface are storage cabinets with hinged doors, Just below 
the top and above the cabinet doors is an. inset shelf area where gas jets and elec- 
trical outlets are mounted Other areas labelled “4” do not have recessed gas and 
electrical outlets. 
5. This is a full length blind storage cabinet. 
6 The fuli length cabinet is for teacher's personal belongings. 
7. The full length blind cabinet is for equipment storage. 
8. This 15 a conference table, topped with a carbonized wood finish. 
9. This mobife table transports and temporarily stores audio-visual equip- 
ment 
10. These tables (36" high) are finished with a carbonized wood surface. If 
the tops are subjected to hard usage, it is recommended that they be covered with 
à tougher and more resistant surface, such as formica, Each table has three adjust 
able stools for use at the table. Work table No 10 in the plant room is of very 
rigid construction with sheet metal top. On this table students mix and condition 
potung soils One hall of the table has a shelt underneath for plant pots, wlule the 
other half 1s left open so that mobile bins containing soil, sand, and fertilizer may 
be stored there, 
11 This lammated hardwood work bench ìs fitted with vises and blind cabinet 
storage beneath; gas jets and electrica) outlets are recessed under the bench over- 
ang 
12 Three foam fire exangusshers hung from brackets are placed in different 
parts of the room to conform with fire ordinances 
13. This particular desk 1s mainly used by the teacher for preparation and 
office work. 
14 Thus is a standard file cabinet for storing tests, anecdotal records, cor- 
respondence, curriculum guides, etc. 
15 The jumbo file cabinet stores such items as clippings and posters 
16 Formica covers the surface of this work area The grill work for the en- 
trance of the forced-air heat and yentilanion is sn the surface near the windows. 
‘The area under this shelf contains recessed gas and electrical outlets. This is not 
true of shelf No. 16 in the conference room and plant room The space under the 
work area ıs blind cabinet storage. 
17. These portions under the workshelf area (No 16) are open book shelves 
The shelves in the conference room are for the teacher's personal reference books 
The book shelves in the science room proper are for reterence sets and other 
supplementary materials 
18. The student desks have tubular steel frames with inate fixed 
tops (18^ x 24") and metal book shelves four and onchalt inches Beton ate tops 
These may be placed back to back to make desirable committee or laboratory 
tables The student chairs have tubular steel frames with laminated wood seats 
and backs. 
19 Two sections of stationary tackboard are located at ei of the 
chalk board at a height which insures visibility over the Med acia dat. 
20 The two alberene stone sinks on the side of the room and in the back 
have small dramboard areas on either side. They are fitted with hot and cold 
water, delivered through mixer fauces. One cold-water faucet is permanently 








TOOLS FOR THE SCIENCE TEACHER 


fitted with an air aspirator. Alberene stone was used in the construction of the 
sinks to make them easy to clean. The drain pipes and trap are made of Duriron, 
which is especially resistant to chemical action 

21, The lower edge of the chalk board ss located forty two inches above the 
floor so that the entire area may be seen over the demonstration desk. 

22. A screen on a spring roller in a dust shield 1s mounted on the ceiling just 
in front of the chalk-board. 

23. The four-wheel cart is the same height and width as the demonstration 
desk; only two of the wheels sunel and can be locked in place The cart, dosed 
on three sides and open on the fourth. enables the teacher to transport heavy 
equipment, to prepare demonstrations previous to use in classes, and to extend the 
size of the demonstration desk. 

"The cart in the animal room 1s quite different from the one in the science 
room proper. This alberene stone topped. mobile table is for transportation of 
animal cages. Its two drawers store small tools and supplies necded for animal care 

21. A series of four adjustable floodlights, mounted on the ceiling, may be 
centered over any part of the demonstration. desk, thus allowing the teacher to 
make objects easily visible to students 

25. This hook and ring, welded to one of the main steel I beam supports of 
the ceiling and centered over the demonstration desk, is useful in pendulum and 
pulley demonstrations. 

26. The demonstration desk has an alberene stone top fitted with two im- 
bedded steel support rod inserts Gas and electrical outlets are placed under the 
overhang of the top of the teacher's side Underneath the desk tops are two cabi- 
nets for blind storage on either side of a uer of four drawers, The height of the 
demonstration desk is forty two mches. : 

27. "The refrigerator in the animal room is useful for storage of animal food 
and specimens for dissection. : 

28, The open shelves in the plant and animal rooms store animal cages and 
potted plants, wat fs 

29. This mobile aquaria table with stainless steel top holds six six-gallon 
aquaria and can be used to store or transport aquaria from room to room. . 

30. The plant bench, constructed from wide angle iron and short rot resistant 
(press boards, is similar to the type used in modern greenhouses. 

In addition to the foregoing explanations of equipment, there are a few other 
‘onstruction details which perhaps need clarifving. 

All shelves in cabinets 3, 4, 5, 6, 7. and 26 are adyustable. i 

The floors of the science room proper are concrete covered with asphalt 
tile... The floors of the plant and anımal rooms are sealed and sloped con- 
Cete, with floor drains at the lowest level This arrangement makes cleaning 
easier, 

The ceiling lights of the science room proper are controlled by three switches 
near the front door. In addition, the middle section of lights may be controlled 
by a switch near the back door and on the [ront end of work bench No I. This 

facilitates the convenient operation of the lights by the teacher and/or a visual 
Projectionist, The light in the conference room and the committee and listening 
toom is controlled by a separate switch. | 

There are electrical outlets approximate! 
Classrooms, In the animal room and plant room. 
arta. 

‘The room telephone is mounted near the front door. i 

Ventilation in the committee and hstening room. plant room, and animal 
toom is supplemented by separate fan systems. The plant room and the animal 
Toom also have fresh air vents that open to the roof- 





ly every eight feet throughout the 
they are in the wall over the work 
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Venetian blinds are madequate for darkening the room for audio visual pro- 
jection Sets of opaque shades on all windows are necessaty. 

The parutions separating the committee and listening Toom and the confer. 
ence room [rom the science room proper are transparent glass from three to seven 
feet high A similar glass section is included in the partition berween the plant 
and the ammal rooms If opaque shades are provided berween the committee and 
listening room and the science room proper, and if one of these shades has a fac 
white finish toward the conference room, pictures may be projected on it. 

Skylights with adjustable shades placed in the ceilings of the plant and animal 
rooms afford natural light 

All ceilings are acoustically treated, In future plans, insulation to sound 
transfer should be provided under work benches No. I! to prevent passage ol 
Work noises to room on lower floors. 

A roof area easily accessible by convenient stairway is provided for weather 
and star observations. 

The two doors in the science room conform to existing safety and fire 
standards. 


Renovation. Very likely you would like to have one or more features of 
these classrooms in your own, but your room is built and will be used for 
years to come. Yet renovations are continually being made, and some of these 
features can be written into the schedule of alterations, Others could be pro- 
vided by modest purchases or by local construction; in several schools students 
have made mobile equipment carts and. portable "laboratories" with heat, 
water, and electrical outlets for use in rooms not so equipped. 

If the school board is not able to finance some of the modest changes you 
wish, do not forget the Parent-Teachers Association, local service clubs, and 
local industries as possible sources of small funds for specific purposes. 


Directory of suppliers 


Standard equipment, such as chemicals, glassware, charts, models, micro- 
scopes, slides, stains, living and preserved materials may be purchased from 
the supply houses suggested in this list. Their catalogues will be useful. 


Aloe Scientific, Division of A § Aloe Co , 5655 Kingsbury Ave., St Louis 12, Mo.; 
also Atlanta, Kansas City (Mo), Los Angeles, Minneapolis, New Orleans, San 
Francisco, and Washington, D. C. 

American. Hospital Supply Corp, 4005 168 St, Flushing, N. 
Ave., Evanston, Ill. (blood typing serums) 

American Optical Co , Buflalo 15, N. Y. 

Baltimore Biological Laboratory, Inc. 1640 Gorsuch Ave , Baltimore 18, Md. 

Bausch and Lomb Optical Co , 635 St. Paul St , Rochester, N. Y 

Biddle & Co, 1316 Arch St, Philadelphia 7, Pa. (laboratory supplies) 

Biological Research Products Co , $823 § Morgan St , Chicago 9, Ill. 

Cambosco Scientific Co , 37 Antwerp St , Brighton $5, Mass. 

Carolina Biolomcal Supply Co, Elon College, N C. 

Central Scientific Co , 1700 W. Irving Park Road, Chicago 15, Ill. 

Certified Blood Donor Service, 146-16 Hillside Ave, Jamaica 35, N. Y. (blood- 
typing serums) 
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The professional library 


There are many fine books which should be in a school library, or in the 
science teacher's library. A library, of course, is never complete; uscful books 
are constantly being written; discoverics in science and in science education are 
constantly being made. 

We could not begin to tist the books available; neither would we want 
to prescribe a list of titles. What we shalt do is to indicate where a teacher 
should foak as he goes about building a science and science education library, 


1. Consult with librarians in your school and others nearby, as well as in 
public libraries, They can tell you which books are consulted most often, 
which are most useful, and which are rarely used. You might also. ask a 
librarian to check lists of books that you prepare [rom other sources. 

2. The catalogues of the different publishing houses yield not only 
titles of books and other publications, but usually thumbnail descriptions. 

3. A nearby college or university wil! probably have a library which may 
be a template for the one you wish to develop. 

4. Any book or journal on the subject will give references; one book leads 
to the next. 

5. You may want to ash seniors in a science club or a science project group 
to look through available textbooks (both high school and college), teachers’ 
manuals, journals, and compile a hist of suggested books for the library. 

6. Your Parent-Teachers Association may have a library committee to 
help do the same thing. 

7. The two yolumes accompanying this one contain bibliographics. 

8, There are also the books of the Traveling High School Science Library. 
Information may be obtained from: High School Traveling Science Library 
Program, American Association for the Advancement of Science, 1515 Massa- 
chusetts Ave , N.W., Washington 5, D. C 

9. We list in this section some basic references on the teaching of science, 
some suggested references on methods and procedures of teaching science, 
some professional journals (some on science teaching, some on various fields 
of science proper), and Bnally a listing of paperback books in science, which 
may find a place in a professional library as well as in a student reading comer. 


In a very short timc a full professional library can be built up in the 
school—a continuing resource for the improvement of science teaching. 
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Some basic references on the teaching of science 


Certain publications have had such strong influence upon the direction of 
science teaching efforts that they should be known to all teachers. Among 
those of the greatest importance are, in historical order. 


1891 Report of the Committee of Ten on the Reorganization of Secondary 
Schools, N. Y.: World Book, 1891 

1918 Cardinal Principles of Secondary Educatton, Report of Commission on the 
Reorganization of Secondary Education, Washington, D. C.: U. $ Office 
of Education Bulletin 35, 1918. 

1920 Reorganization of Science in Secondary Schools, Washington, D C.: U. & 
Office of Education Bulletin 26, 1920 

1932 National Society for the Study of Education, Thirty First Yearbook, Part 1, 
Program for Teaching Science, Chicago U. of Chicago Press, 1932 

1938 Progressive Education Association, Science in. General. Education, N. Y.: 
D. Appleton-Century Co., 1938. 

1942 Croxton, W, C, Redirecting Science Teaching tn the Light of Personal 
Social Needs, Washington, D. C National Education Association, 1942. 

1914 Educational Policies Commission, Education for ALL American Youth, 
Washington, D. C.: National Education Associauon, 1944 

1917. National Society for the Study of Education, Forty Sixth Yearbook, Part 1, 
Science Education in American Schools, Chicago U of Chicago Press, 1947 

1953 “Science in Secondary Schools Toda: ‘ational Association of Secondary- 
School Principals Bulletin, Vol. 37, No. 191, Jan. 1953. 





Some suggested references on methods 
and procedures in teaching high school science 


Blough, G., and M. Campbell, Making and Using Classroom Science Materials, N. Y.: 
Dryden, 1954. 

Burnett, R, W., Teaching Science in the Secondary School, N Y : Rinehart, 1957. 

Eder, A, Demonstrations and Experiments in General Chemistry, N.Y: Harper, 1937 

Fowles, G , Lecture Experiments in Chemistry, N. Y: Blakiston (McGraw-Hill), 1918. 

Heiss, E., E, Obourn, and C. Hoffman, Modern Science Teaching, N Y.: Macmillan, 
1950. 

Hoff, A , Secondary Science Teaching, rev. ed , N. Y.. Blakiston (McGraw-Hill), 1950. 

JYeruld, A. T., and R. J. Tasch, Children's Interests and What They Suggest for Educa- 
tion, N. Y.: Bur. Publications, Teachers College, Columbia U., 1919. 

Miller, D., and G. Blaydes, Methods and Materials for Teaching Biological Sciences, 

_ N.Y McGraw-Hill, 1938. 

Richardson, J., Science Teaching in Secondary Schools, Englewood Chills, N. J.: Pren- 
tice Hali, 1957. - 
~. and G. Cahoon, Methods and Materials for Teaching General and Physical 
Sctence, N. Y.: McGraw-Hill, 1951. : . 
atence Clubs of America, Sponsors’ Handbook: Thousands of Science Projects, Science 
5 Senice, 1719 N St, NW, Washington 6, D. C. 
Funct: Ry Demonstration Experiments in Physics, 
wu K., After-dinner Science, N. Y.: McGraw-Hill, 2 unen 
Veisbruch, F., Lecture Demonstration Experiments for High School Chemistry, St 
wap- Educational Pub., 1951. te 

ells, Hr, Secondary Science Education, N. Y.: McGraw Hill, 1952. 








McGraw-Hill, 1938. 
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Some journals and magazines of interest 1o science teachers 


American Biology Teacher 
Interstate Press 
19 North Jackson St 
Danville, Ill. 
$$ 75/year 


American Journal of Physics 
American Institute of Physics 
335 East 45 St 
New York 17, N Y- 
$7 50/year 


Chemical and Engmeermg News 
American Chemical Society 
1155 16 St, NAV 
Washington 6, D G 
$6 00/year 


Journal of Chemical Education 
20 and Northampton Sts 
Easton, Pa. 
$3 50/year 


Mathematics Teacher 
‘National Council of Teachers 
of Mathematics 
1201 16 St, N.W. 
Washington 6, D C. 
$3 00/year 


Natural History Magazine 
American Museum of Natural History 
79 St. and Central Park West 
New York 24, N. Y. 
$5.00/year 


School Science and Mathematics 
Box 408 
Oak Park, Ill, 
$4 50/year 


School Sctence Review 
S W. Read, $1 Grosvenor Road 
Chichester, Sussex, Eng 
£Myear 


Science Counselor 
Duquesne University 
901 Vickroy St. 
Pittsburgh 19, Pa. 


Science Education 
374 Broadway 
Albany, N Y. 
35 00/year 
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Science News Letter 
Science Service 
1719 N St, N.W. 
Washington 6, D. C 
$5 50/year 


Science Teacher 
National Science Teachers Associa 
tion 
1201 16 St, N.W. 
Washington 6, D. C 
$6 00/year regular member 
$10 00/year sustaining member 


Scientific American. 
415 Madison Ave. 
New York 17, N. Y. 
$5 00/year 


Science 
1515 Massachusetts Ave, N.W. 
Washington 5, D. C. 
$7.50/year 


Sky and Telescope 
Harvard Observatory 
Cambridge 38, Mass. 
$5 00/year 


Turtox News 
General Biological Supply House 
761 East 69 Pl 
Chicago 37, Ill. 
Free 


Weatherwise 
American Meteorological Society 
3 Joy St. 
Boston 8, Mass. 
$4 00/year. 


Welch Physics and Chemistry Digest 
Welch General Science and Biology Digest 
W.M Welch Scientific Company 
1515 N. Sedgwick St. 

Chicago 10, Ill. 
Free 


Yearbooks of the United States 

Department of Agriculture 
Washington, D C. 
Through your congressman. 


Paperback books in science 


PRIMARILY CHEMISTRY 


Alchemy 
Chemical Industry 

Chemistry 

Cructbles 

New Chemistry 

Orgamc Chemistry 

Physical Chemistry 

Metals in the Service of Man 


PRIMARILY PHYSICS 


Automatic Control 

Atomic Power 

Dialogues Concerning Two New 
Sciences 

Matter and Light 

Physics: First Year College 

Physics Made Simple 

Revolution in Physics 

Rise of the New Physics (2 vols.) 

Science of Flight 

Our Friend the Atom 

Optics 


PRIMARILY BIOLOGY 


Human Use of Human Beings 
Origin of Species 
Physics and Chemistry of Life 
m Around Us 

lements of Physical Biolo, 
General Biology a 
Genetics 
Living Tide 
Fascinating Insect World of Fabré 
General Zoology 
General Botany 
Plant Life 
Bees 
Dictiona, 

ry of Biology 

Atomic Radiation and Life 


Tu; 
MARILY HISTORY AND PHILOSOPHY 


Concerning the Nature of Things 
feolution of Scientific Thought 
ote, Science, and Religion 
» ndations of Experimental Science 
bemnicus to E:nstein 





PRICE 
(susyecr 
To 
AUTHOR CHANGE) 
Holmysrd 85 
Wilhams 50 
Hutton 85 
Jafe 35 
Scenufic American 1.00 
Degermg et al. 135 
Bittsles 150 
Sueet .85 
Scenufic American. 100 
Scientific American. 100 
Gahleo 165 
de Broghe 175 
Bennett 1.25 
Freeman 100 
de Broglie 165 
D Abro 3.90 
Sutton 85 
Haber 35 
Newton 1.98 
Wiener a5 
Darwin 95 
Saentific American 1.00 
Carson 35 
Lotha 245 
Alexander 125 
Kalmus 50 
Berrill E 
Teale 35 
Alexander 150 
Fuller 100 
Saentific American 1.00 
von Frisch 145 
Johnson & Abercrombie — 65 
Alexander 85 
Bragg 
D'Abro 
Malinowski 
Campbell 
Reichenbach 


“Code of publisher; see list of publishers which follows this list. 


PUB- 


LISHER * 


Pen 
Pen 
Pen 
Prem 
S&S. 
BRN 
BAN 
Pen 


S&S 
S&S. 


Dov 
Dov 
BRN 
Made 
Noon 
Dov 
Pen 
Dell 
Dov 


Anch 
Ungar 
S&S 
NAL 
Dov 
BAN 
Pen 
Prem 
Prem 
BEN 
B&N 
S&S 
Corn 
Pen 
Pel 


Dov 
Dov 
Anch 
Dov 
WL 
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From Mage to Science 
Great Essays in Science 

Lives in Science 

Man on His Nature 

What a Science? 

New Worlds of Modern Sctence 
What Happened in History 

The Arabs 

Science and Hypothesis 

Greeh Science 

Experiment and Theory m Physics 
Foundations of Physics 

V hat Is Life? 

Nature of Physical Theory 


PRIMARILY ASTRONOMY AND GFOLOGY 


Astronomy 

Biography of the Earth 

Birth and Death of the Sun 

Creation of the Universe 

Discover the Stars. 

Discoveries and Opinions of Galileo 

Exploration of Space 

Frontiers of Astronomy 

Key to the Heavens 

Life on Other Worlds 

Nature of the Universe 

New Astronomy 

Origin of the Earth 

Unwerie 

One Tuo Three Infinity 

World of Copernicus 

History of Astronomy, Thales 
to Kepler 

Birth and Development of Geo- 
logical Sciences. 

Dictionary of Geology 

Geology in (ke Service of Man 

How to Know the Minerals and 
Rocks 

Principles of Geology 

Rocks and Minerals 

Universe & Dr. Einstein 


MATHEMATICS 


Non Euclidean Geometry 
Number, the Languoge of Science 
Prelude to Mathematics 
Principles of Relativity 
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AUTHOR 
Singer 

Gardner 

Scientific American 
Sherrington 
Campbell 

Engel 

Childe 








Poincaré 

Farrington 

Born 

Lindsay & Margenau 
Schrodinger 
Bridgman 


Miller 

Gamow 

Gamow 

Gamow 

Johnson & Adler 
Drake 

Clarke 

Hoyle 

Mattersdorf 

Jones 

Luaenus 

Scentific American 
Smart 

Scientific American 
Gamow 

Armitage 


Dreyer 


Adams 
Himus 
Fearnsídes & Bulman 


Pearl 
Field 
Pearl 
Barnett 


Bonola 
Dantzig 
Sawyer 
Einstein et al. 


PRICE 
(svayect 
To 
CHANGE) 
165 

35 
100 
95 
125 
35 
85 
95 
125 
65 
60 
245 
E 
125 


100 


50 
50 


50 
125 
1.95 

35 


195 
E 
65 
1.65 


PUB 
LISHER 
Dov 
PB 
S&S 
Anch 
Dov 
Dell 
Pen 
Gate 
Dov 
Pen 
Dov 
Nov 
Anch 
Dov 


Bell 
NAL 
NAL 
Comp 
Sent 
Anch 
Ph 
NAL 
Prem 
NAL 
Pen 
SRS 
Pen 
SSS 
NAL 
NAL 


Dov 


Dov 
Pen 
Pen 


NAL 
BRN 
RIN 
NAL 


Dov 
Anch 
Pen 
Dov 


PRICE 





(SUBJECT 
To PUR- 
AUTHOR CHANGE) — LISHER 
Statistical Methods Arlun & Colton 135 BRN 
The Elements (3 vols.) Euchd 585 Dov 
Analytic Geometry Oakley 1.25 BRN 
dymptolic Expansions Erdelyı 135 Dov 
Calculus Petersen & Graesser 175 Lita 
College Algebra Feinstem & Murphy 1.75 Lita 
College Algebra Moore 150 BEN 
Descriptive Geometry Slaby 225 BRN 
Dictionary of Mathematics McDowell 145 WL 
Famous Problems of Elementary 
Geometry Kem 100 Dov 
The Geometry Descartes 150 Dov 
Geometry of Four Dimensions Manning 195 Dov 
Introduction to Theory of Groups Carmichael 200 Dov 
Introduction to Theory of Numbers Dickson 1.65 Dov 
Mathematics, Magic, and Mystery Gardner 1.00 Dov 
Aneh — Anchor Books, Doubleday & Co, 573 Madison Ave, New York 22, N. Y 
BSN — Barnes & Noble, 105 Fifth Ave., New York 3, N. ¥ 
Bell Bellman Publishing Co., P. O Box 172 Cambridge 38, Mass 
Comp Compass Books, Viking Press, 625 Madison Aye, New York 22, N Y 
Cor — Cornell University Press, 124 Roberts PL, Ithaca, N. Y 
Dell — Dell Publishing Co., 750 Third Ave., New York 16, N Y 
Dov Dover Publications, Inc., 920 Broadway, New York 10, N. Y. 
Gate Gateway Books, Henry Regnery Co, 64 E Jackson Blvd, Chicago 4, Il, 
Lita Littlefield, Adams & Co., 128 Olner St, Paterson 1, N J- 
Made — Made Simple Books, Doubleday & Co, 575 Madison Ave , New York 22, N. Y 
NAL New American Library, 501 Madison Ave., New York 22, N. Y. 
Non — Noonday Press, 80 E. 11 St, New Yorl 3, N. Y 
PB Pocket Books, Inc., 630 Fifth Ave, New York 20, N. Y. 
Pet Pelican Books, see Penguin address 
Pen — Penguin Books, Inc., 3300 Chpper Mall Rd., Balumore 11, Md 
Prem — Premier Books, Fawcett Publications, Inc, 67. W. 44 St, New York 86, N. Y. 
85$ ^ Simon and Schuster, 630 Fifth Axe, New York 20, N. Y. 
Sent Sentinel Books H2 E. I9 St, New York $,N. Y.— NY. 
Ungar Frederich Ungar Publishing Co , 105 E. 24 St, xe dnd ae a ENA, 
WL Wisdom Library, Philosophical Library, Inc , 15 E. . 


A listing of paperbound books in science is published by the ane 
Association for the Advancement of Science, 1515 Massachusetts e A S 
Washington, D. C. You will find more extensive listings in Paperboun ae 5, 
R. R. Bowker Co., 62 W. 45 St, New York 36, N. Y. The latter isa P ete 
list of Paperback books in print; the cost is $3.00 a year for this catalogue in 


two (spring and fall) editions. 
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Tools for the science teacher 1 / 


The expert, 
with a note on becoming one 


Experts will, no doubt, object to being included ín a section on "tools." 
We appeal to their sense of humor; experts know that their effectiveness 
depends on how they are used. 

Our purpose here is to indicate briefly that the teacher is not alone; he 
can call on people with experience. Whether the experience is transmitted in a 
useful way to the teacher depends on the choice of consultant, the specificity 
of the problem, and the completeness of the information offered to him. 
Naturally, che opportunity to use the advice or the competence the consultant 
transmits also depends on conditions within the school. 

Where does one find experts? 


1. In the school or school system: 
a. Chairmen of Departments. 
b. Consultants in science in the school, or within the School Depart- 
ment or State Department of Education. 
€. Senior teachers. 
d. Teachers with special experience, e, im particular subjects, in 
audio-visual aids, in testing, in guidance, in library work. 
. In the community: 
a Experts in the university or college, state and federal departments. 
b. Éxperts in the city government, eg, Board of Health (doctors, 
nurses, and engineers). 
€. Experts generally in the community, itself, e.g., doctors, engineers, 
technicians, especially those retired. 
d. Experts in local industries and businesses. 
3. In the nation: 


a. Specialists in testin, 
b. Specialists in facilities 
€. Specialists in teaching, in administration, in curriculum. 


n 





There is need for consultants. Any teacher who becomes an expert will 
find himself in demand. 


On becoming an expert. Every teacher becomes an expert sooner or later, 
in a small area or a large one. For instance, a teacher may be: an expert in 
dealing with visual aids, with reading materials, with demonstrations, with 
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the science shy, with the science prone, with student teachers, and with “prob- 
Jem students.” An expert knows more than most people about a given area. A 
teacher who is an expert, and who, in addition, is skillful in communicating 
his expertness, will soon be in demand in his community and the nation. 

Helping others become experts. No doubt sou have or will soon have a 
student teacher in your classes, or a young science teacher will seek your advice, 
ora student in your class will want to become a science teacher. What lind of 
training should any beginning or prospective teacher have? 

Recommendations for the training of teachers come from all sides. Here 
is one you may want to consider: * 


During the last twenty years certam cnteria for adequate preparation of 
science teachers have been proposed by individuals and groups which included 
academic people, scientists and educators In about twenty such reports there is 
concurrence on seven general recommendations These, as listed below, might well 
be considered by those attempting new steps in the development of teacher certi 
fication requirements and teacher training programs. There ıs concurrence that 

1. required programs and the courses composing them ensure that the prospec: 
ine teacher has a scholarly mastery of the fields to be taught, 

2. the prospectwe teacher have a knowledge of education, including such 
aspects as the nature and development of the child and adolescent learner, testing 
methods, and evaluation; 

3. skill and competence i teaching be developed as far as possible through 
realistic experience with actual problems which anise in schools and communities, 

4. the prospective teacher have contact uith all major areas of human knowl- 
edge. Specialization ıs not enough. The teacher should become aware of the inter- 
hae of his major field of study with other fields of human endeavor and creatwe 
thought; 

5. the five-year traming program for teachers become a mandatory minimum, 

6. nation-wide or at least regional standards for teacher certification. be 
adopted, and better methods of appraising teacher competence be found; 

7. during the traning process, a sense of self-criticism be instilled in the 
Prospective teacher, so that later he may have the ability to evaluate himself and 
his work, ^ . 

That competence in major fields plus professional education is not impossible 
to achieve in a five-year program is evidenced by the requirements for the compre- 
hensive and specific restricted teaching licenses in Indiana. There, a prospective 
teacher must have 40 semester hours of study in the physical or biological sciences 

to earn a comprehensive license. For the additional restricted license to teach a 
Particular subject, for example, physics, 24 more hours of work in the feld are 
Tequired. Thus a minimum of 64 semester hours 1n subject matter courses is te- 
quired in the four-year undergraduate program; various patterns of courses ensure 
both breadth and depth. Eighteen hours of professional education courses are re- 
quired, including educational psychology, principles of education, guidance, and 
special methods. Five additional semester hours of credit are earned for student 
teaching. As electives, courses are offered in the history and philosophy of educa- 
tion, tests and m. urements, and other related subjects. 

There are, however, some problems associated with the five-year program for 

d lE 

Critical in Sci ang, Re of Conference on Nation-wi > 

RE ol Sience Teaching du d e riy "Snook. © ed by F. Watson et al, Harvard U. 
ridge, 1953, pp. 39-41. 
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saence teacher preparation. Teachers who aim at the Master of Arts or Science 
degree often find that their background in a particular subject is insufficient to 
allow them to enroll in graduate courses, or to compete with undergraduates who 
have complied far more semester hours of study. Such courses, designed for the 
future specialist in the field, may have less usefulness to a teacher than would 
vimilar courses designed explicitly for teachers. There are also problems raised by 
ume and monev Lack of time often makes it difficult for an employed teacher to 
carry through an investigation meeting degree requirements, white lack of funds 
often prohibits the teacher from investing another year or more in full time grad 
uate study. 

We need teachers who have an awareness of scientific problems, who 
grasp every opportunity to encourage an inquisitve pupil toward further study 
and investigation, who know how to direct laboratory work and student projects, 
end who have a desire 10 make science classes a. stimulating part of every high 
school curriculum. 
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The resource file: 
where to go for further heip 


Over the first five years of his teaching, one teacher gathered the following: 


1. A file of teaching techniques (see 5). 

2. Catalogues of films and filmstrips (renewed as new ones were published 
by having himself put on the mailing lists of the companies concerned; see 
directory of such companies on pp. 181-82). 

3. Catalogues of scientific equipment (directory of supphers, pp. 514-15). 

4. Pictures from regularly published magazines, newspapers, and industrial 
magazines (used for bulletin board materials, included pictures of the widest 
Variety of topics—scientists, animals, plants, new machines, satellites). 

5. Files of the magazines and. journals of the socreues to. wluch he be- 
longed, In file of teaching techniques (1) were index cards, relating to specific 
issues, 


6. A library (see p. 516). 


One of the most useful tools for the teacher 1s a file which is also used by 
other teachers in the department, or even in the school. Of course, other teachers 
also contribute to it. One type of file consists of large file cards, each of which 
has an approach to teaching, a learning situation, or a valuable reference to a 
flm, a book, 2 quotation, a test—whatever device is useful in teaching. For 
instance, two cards might contain the following information: 


Field: Astronomy 
Topic: Solar System 

In approaching the teaching of astronomy, it is useful to use a basket- 
ball. Students in a circle throw the ball west to east, east to west. Discus- 
sion follows: Which way does earth revolse around sun? 

Also useful in illustrating rotation and seasons. 


Field: Projects 
Topic: Photosynthesis . 

What happens to "gas" output of elodea in "colored" light? 

Tubes of elodea may be masked with green, red, blue plastic or cello- 
phane (possibly useful for science fair). 
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You may remember that such a card file was also suggested for developing 
test items (p. 432) It doesn't take long to see how exceedingly valuable such 
a file can become Every useful device may be recorded, and within a relatively 
short ume (considered in the span of the teacher's career), a valuable resource 
file is obtamed, especially if several teachers collaborate. 

The items to be placed in the file depend, of course, on the particular 
desires of the teacher and the particular function of the school. 

Many of the procedures a teacher may find useful are described in the 
accompanying volumes, 4 Sourcebook for the Biological Sciences and 4 
Sourcebook for the Physical Sciences. 

Other source materials and sources of materials are obtained from the 
following organizations devoted to the improvement of teaching. Of course, 
we cannot list local organizations, but we have obtained help of all sorts— 
funds, equipment, consultants, special teachers, guidance, and consolation— 
from such local organizations as the local Parent-Teachers Association, local 
industry, nearby colleges and universities, community government, skilled per- 
sonnel (doctors, engineers, teachers, both “active” and "retired"). 

Why not acquaint yourself with the materials or services of the following 
national organizations: * 

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE. Junior Acad- 
emies of Science are encouraged through the AAAS-affiliated state and city 
Senior Academies of Science. A Junior Scientists Assembly is sponsored each 
year at the annual Christmas meeting. Grants are given for student projects 
through the Senior Academies. Write to Dr. R. L. Taylor, Associate Adminis 
trative Secretary, AAAS, 1515 Massachusetts Ave., N.W., Washington 5, D. C. 

AMERICAN CHEMICAL SOCIETY, — Each year about 4,000 of the 80,000 ACS 
members volunteer to give personal assistance to high school science teachers 
upon request. These people work through the 151 local sections of the Society. 
Hf you as a teacher want further information about careers ın chemistry or 
chemical engineering, summer employment opportunities, speakers, consult- 
ants, and the like, consult the Jocal section officers in your area. Their names 
and addresses and other information can be obtained from: American Chemi- 
cal Society, 1155 16 St., N.W., Washington 6, D. C. 

AMERICAN MEDICAL ASSOCIATION, County and state medica) societies co- 
operate with local science fairs by joining in sponsoring committees, giving 
special awards and scholarships, providing transportation to the National 
Science Fair, arranging counseling, and so forth, The American Medical Asso- 
ciation presents four citations at the annual National Science Fair and the two 
top AMA award winners are guests at the AMA annual meeting. For informa- 
tion and names of local medical society officers, write to Leo E. Brown, Ameri- 
can Medical Association, 535 N. Dearborn St., Chicago 10, Ill. 

CHAMBER OF COMMERCE OF THE UNITED STATES. Over J,800 Chambers of 
Commerce now have Committees on Education, These committees have been 
alerted to the nation’s manpower problems and to the need for better career 


A Most of this mformation was collated by Science Service (sce pp, 529 30). 
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"The principal should register for administering the Scholarship Qualifying 

Test (Science Research Associates, 57 W. Grand Ave., Chicago 10, III) before 

October I Two students or five per cent of the senior class are tested without 

charge, and others may take the test upon payment of a tee of $1.00 The test 

15 given late in October at each participating school. For additional informa- 

tion, see your principal, or write National Merit Scholarship Corporation, 

1580 Sherman Ave, Exanston, Ill. 

NATIONAL SCIENCE FAIR. About a quarter of a million young scientists 
an jumor and senior high schools annually undertake science projects and 
build exlubits to be shown in thousands of science fairs in their high schools. 
"The best of these compete in some 150 local and regional science fairs, which 
send in May their two top finalists, usually a boy and a girl, to the National 
Science Fair, conducted by Science Service. The Nationat Science Fair fs held 
in a different city each year; visit it when the Fair is near you, Local organi- 
zations, including newspapers, public, private, and parochial schools, colleges, 
industries, scientific and technical societies, clubs, and many others cooperate 
in local and regional fairs. Science fair participation inspires and develops 
youthful science talent, Science Service offers full information and “know-how” 
in conducting science fairs, arranges cooperation of organizations lihe Ameri- 
can Medical Association and its state and county societies. Write Science 
Service, 1719 N St, N.W., Washington 6, D. C. 

NATIONAL SCIENCE FOUNDATION. This agency of the federal government 
conducts an extensive program of support and stimulation to science and re- 
search, including scientific personnel and education. Most of its operations are 
through grants that facilitate activities by other organizations, Extensive pro- 
grams include the support of institutes for science and mathematics teachers 
in high schools and colleges, and the program for graduate fellowships. An- 
nouncements are available from time to time. National Science Foundation, 
Washington 25, D. C. 

NATIONAL SCIENCE TEACHERS ASSOCIATION. A department of NEA, and 
an affiliate of the AAAS, this organization offers publications to help stimulate 
science activities by students, such as: 

Tomorrow's Scientists~for high school science students. Group subscriptions 
are 50¢ each, minimum of 5 subscriptions to one address ($2.50). Individual 
subscriptions are $1.00. 

Encouraging Future Scientists: Student Projects—examples of prize-winning 
science projects done by students. Single copies, 50¢ each. Quantity orders, 
256 each. 

1f You Want To Do a Science Project- suggestions to help students plan, carry 
through, and report science projects. Single copies, 50¢ each. Quantity orders, 
25¢ each. (AIl orders for $1 or less must be accompanied with remittance.) 

Encouraging Future Scientists: Keys to Careers—bibliography of science career 
information and guidance materials. Single copies free. 


Careers in Science Teaching—pictorial Presentation of science teaching as 2 
career. Single copies free. 
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BLUEPRINTS FOR 
COMMUNITY ACTION 


Section Six 


Community as a word, or concept, has often oppressed the teacher. He 
hears. He must meet the needs of the children m the particular community 
in which he lives. He reads: Co-operation with the community is essential 
to the fullest development of the school program. He learns No school 
program can develop to its fullest without the knowledge and collaboration 
of the commumty. And eventually he realizes A school or school system solves 
its problems best and with optimum speed when the community is a part 
of the school, when the community helps in shaping the objectives of the school 
and glories in their realization. The school 1s created by its community and 
it is sustained by it. In the school situatron not only "where there is a will, 
there is a way,” but also “where there ıs a good community-school relationship, 
there is a way.” 

We have maintamed that a teachers method 1s his personal imention, 
contrived from his culture, his heredity, his em ironment, his trainıng, and 
the thought he puts into developing an imagmatne approach to teaching. We 
have maintained that a school curriculum 1s a personal invention of a faculty 
Working with the community and with the children who are to do more, 
learn more, and know more. 

Now each community has 1ts own way of domg things: It flavors the 
Present out of its past. But in the long run, deep-rooted changes in school 
practice are developed through the energetic, intelligent, and effective labor of 
the community to reach its goals. 

We present three such attempts at improving science education in three 
different kinds of communities. We have not excerpted or updated the reports; 
We reproduce them as they were orginally drafted to preserve their special 
flavor; for the flavor of a report indicates how the community may address 
itself to a problem. Nor have we commented upon them; we present them simply 
as examples of how three different communities attack essentially the same 
Problem: How to improve instruction in scrence. 

The moral to be derived from the three stories is also essentrally the same, 
despite differences in approach: To improve science instruction—as indeed 
all instruction—the active interest and collaboration of the community assures 
Hat the problems will be faced. And, if it is within the scope and responsibility 
of the commumty and the school, the problems will be soh ed. 





E 


Search, National Science Fair, etc. Free material available on various activities 
and samples of publications sent on request. 


Science News Letter, weekly summary of current science, $5.50 a year, trial $8.15 
for 41 weeks. 
Chemistry, nine umes a year, $1 a year. 
Things of Science, monthly experimental kits, actual samples of novel and edu- 
cational material, membership $5 a year, collection of 29 kits, $13 50. 
Thousands of Saence Projects, lisung titles of exhibits actually made, 25¢f a 
copy, 10 copies for $1 
Science Service books, each $2 postpaid. 
Science Exhibits 
Scientific Instruments You Can Make 
The Chemistry We Use 
Organic Chemistry for the Home Lab 
Experimenting with Chemistry 
Color slides of National Science Fair, 3 scts available, $6 each. 
Science Service, 1719 N St, N W., Washington 6, D. C, 

SCIENCE TALENT SEARCH. High school seniors have a chance to win trips 
to Washington, share in a sizable total in Westinghouse Science Awards and 
Scholarships, and be recommended for admission and support in college. The 
Annual Science Talent Search for seniors ıs held in the fall of cach year. 
‘Teachers should ask for examinations in October. Semors should be working 
on their projects and reports during the summer Completed entries must at 
rive at Science Service not later than midnight, December 27. Science Talent 
Search is conducted by Science Clubs of America, a Science Service activity, and 
sponsored by the Westinghouse Educational Foundation, Ask for How to Search 
for Science Talent sent free on request. Science Service, 1719 N St, N.W., Wash- 
ington 6, D. C. 

THOMAS ALVA EDISON FOUNDATION. The Edison Foundation carries on 
programs directed at encouraging more boys and girls to undertake careers in 
science and engineering, and also carries on a public information program in 
behalf of improving the quality and quantity of science education. National 
Science Youth Day, which is held annually on ‘Thomas Alva Edison's birthday, 
February 11, is a nation wide program to interest young people in science and 
engineering. Participating ın this National Edison Birthday Celebration ate 
major companies of American industry, governmental agencies, professional, 
scientific and educational societies, and other groups. Science experiment book- 
lets and other free materials are distributed nationally to students Special stu- 
dent visits to industrial plants and research and development laboratories are 
arranged. ‘The Foundation also organizes national conferences and Edison 1n- 
stitutes on scientific manpower and science education problems. Awards are 
also given in the mass media to encourage better program material in sciences. 
A list of publications available from the Edison Foundation may be secured by 
writing to Thomas Alva Edison Foundation, Inc., 8 W., 40 St., New York 18. 
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Blueprints tor community action 1 


The Detroit science 
education story* 





SCIENCE EDUCATION: DOES IT PRODUCE 
OR FRUSTRATE POTENTIAL SCIENTISTS? 


DR. SAMUEL M. BROWNELL 
Superintendent, Detroit Public Schools 


When Mr. Kettering asked me to talk to this Eighth Edison Foundation Institute, 
1 agreed sf I could take as my task, the discussion of the topic, “Science education 
does n produce or frustrate potential scientists?" 1n mhe ace of this nation’s record 
of producing great numbers of scientists who have helped to develop the worlds 
greatest technological economy and defense program, why raise such a question? [t is 
because we need to increase the efficiency of science education even beyond its present 
level We need to secure more better scientists faster. 

‘The need for making better provisions for science education js not a new discovery 
resulting from Sputnik. What is new is that. persons who formerly failed to hear, of 
who dismissed pleas for action to strengthen science education as propaganda by edu- 
cational pressure groups, or who considered it desirable but too expensive, are st 
denly calling for action, They now see the significance of what has oft been presented 
Many of them do not realze that much progress has been made. They believe that 
because they have just become aware of the problem that the problem is new. 

Scientists and educators have been working hard during the past several years to 
improve and to mcrease the supply of scientists, engineers, and mathematicians, and 
the results are encouraging Greater progress can and must be made. Some immediate 
adjustments can increase the output of scientists, engineers, and mathematicians some: 
what. But the major job of permanently increasing the number of leaders in science 
and in other fields from able young people «ho do not go far enough in school oF 
prepare themseh es sufficiently well to be scientists or other leaders needs to be con 
sidered in terms of decades, not of months and years. It ;mvohes improving the 
preparation of those who teach mathematics and science 1m the elementary schools a5 
well as in high school and in college It requires changing the gttitudes of some families 
toward the study of science and toward the preparation o£ girls for scientific careers. 
It calls for the provision of more adequate school facilities and hetter pay and status 
for teachers so that pupils in elementary schools, high schools, and colleges receive high 
quality instruction 

‘These changes cannot come about as the quick result of a “crash” program and 
thus solve our science manpower shortage. It may be, however, that we need a pro 
gram sudden enough and large enough to crash through existing barriers and imate 
these changes without delay. The problem then facing us is to sustain through the 


* Address presented at the Eighth Insitute of the Thomas Alva Edison foundation, 
November 1957, and published by the Foundauton in pamphlet farm under this ttle 
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tence in science, as it does in athletics, music, writing, or craftsmanship in any field, 
Failure to provide sufficient immediate and long range rewards in the study of science 
or mathematics may be as effective in closing the door to further advance of a youth 
as exclusion from schooling. Furthermore, since there are not enough among those 
of high ability who decide very early that they want to be scienusts, mathematicians, 
or engineers, and who now stay on to become scientists or mathematicians, we must 
provide opportumities to enter these specializations for those who have high ability 
and who develop serious science concerns at differing ages, or who resume scientific 
interest after a lapse of time. 

Another effective preventative to advancement of students may be discourage- 
ment resulting from working in a class taught by a teacher of science or mathematics 
who measures his success by the number of pupils he fails instead of by the number 
he prepares for, and interests in, going on to the next course that is offered in the 
curriculum 

Where great differences exist in the mortality or failure rate between teachers who 
hase pupils of equal ability, investigation of the causes is in order lest doors are being 
dosed which should be left ajar or kept open 

The good teacher has traditionally been one who increased the interest and effort 
of an able pupil by providing opportumues for him to move ahead in his thinking 
and learning as rapidly as he was able This good teacher has removed road blocks 
and opened new paths beyond what might be available in the prescribed classwork 
Organization of courses of study to ard teachers im systematic science and mathematics 
instruction is essential, but there 1s ever present the danger that too slavish following 
of a pattern of organization which seems logical to the teacher mav frustrate the in 
Benuity and imtiative of the bright pupils. Special groupings for high ability pupils 
and freedom for such pupils to work independently seem possible to a greater degree 
than presently found in practice. 

"These examples are the Linds af practices that schools and colleges ever need to 
examine carefully to see if some teachers and some administrative practices operate 
to close doors that could and should be opened or reopened to potentially able 
scientists, i 

A third way in which schools and colleges may be frustrating some potential 
scientists may be through making other portions of schooling more rewarding, or 
science less rewarding, for equal expenditure of ime and energy. 

For years students who have enrolled in laboratory science courses have been rc 
quired to spend more clock hours in class and laboratory combined for a given amount 
Of credit toward graduation than required for nonlaboratory courses, And, in order 
to schedule double laboratory periods, students were more Likely to find it necessary 
to have them at times that were in competition with extracutricular activities or 10 
take sciences at the deprivation of study periods which other students have. . 

Another situation has grown up in many schools or campuses in which, for equiva 
lent expenditure of time and energy and quality of performance, pupils recene higher 
Srades in subjects other than the sciences and mathematics. Ambitious high school stu 
dents wish to have a good high school academic record because it may affect their ent 

entrance. Able college students know that college honors and chances beyond 
college depend somewhat on their academic record. Such students are thus placed in 
the position where to choose work im science or mathematics (which they may hie a0 
Nell as some other area) they know will produce a less favorable record for them. "Thus 
when we hear criticisms today that students choose soft rather than hard counes we 
need to consider how much of this 1s duc to the way in which schools and colleges 
Operate. | submit that the idea that some areas of study ate inherently harder than 
others needs to be examined critically to see if what is involved is not inequity in the 
ay science is treated compared with other subjects sn. the curriculum, and inequality 
In taluation of equivalent student work as between different instructors. 
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progres. The science or mathematics teacher who measures his success by the number 
of pupils who take more math or more science has indeed a standard that is far more 
significant than the grade on examinations, or the number or per cent failed. Factual 
knowledge learned ıs of httle import 1f it is the end product. Desire to learn more 
about a subject and shill to pursue msesugation m that field is far harder to develop 
but leads to real learning It is the goal of the true teacher at the elementary school, 
high school, or college level 

Jt is in the elementary school that attitudes toward learning are substantially built. 
or curbed exen though many other influences than the teacher may interest or distract 
the interest of a pupil in the different fields open to him for study, Many scientists 
can trace their awakening of interest m science or mathematics to an elementary school 
teacher, yec the fact ts that there are many elementary school teachers teaching arith- 
metic who bave had httle ar no work in mathematics beyond algebra or a general 
mathematics course in the ninth grade. 

Many elementary schoo! teachers have had no further study of arithmetic itself 
after the eighth grade They avoided mathematics because they were not too good in 
anthmeuc. They never came to understand mathematics as quantitative thinking or 
science as a way of thinking and a tool to finding answers In their schooling arithmetic 
was to them a memoruation, follow-the directions and-see-how-you come-out. exercise. 
‘There are elementary school teachers who had Jiutle or no science study in high school 
or beyond Such teachers can hardly be expected to instill in a large portion of their 
pupils an interest in, or an understanding of, these subjects. Their teaching will remain 
on the level of mechanical manipulation of figures in prescribed ways in order to come 
out with answers set forth jn the back of the book, or of repeating facts about the 
birds and the bees and the wind and the weather that are set forth in the book, but 
they always live in fear that questions will be asked for which answers are mot set 
forth in the teacher's manual. 

Colleges preparing elementary teachers have made great strides of late years in 
changing their curricula to remedy this deficiency The study of mathematics in college 
which will stress the development of mathematical concepts, understanding of the 
development of number systems, and provide sufficient practice in use of mathematical 
processes to develop reasonable skill and confidence is increasingly being required 
of all who would teach in the elementary grades. Likewise college level study in both 
biological and physical science ss increasingly a requirement in preparing for elemen- 
tary teaching 

Cities, such as Detroit, that for years have employed college graduates as teachers 
im the elementary schools have this problem in smaller degree than many places, but 
even in Detrost we need to examine our situation to see how extensively we are rely- 
ing for the early traimng of pupils in arithmetic and science on persons insecure in 
thew preparation ot negative in their attitude toward the subjects 

A second condition is that of closing doors to further advance in mathematics and 
science study for able pupils by action of teachers ar by curriculum organization. 

A scientist must have his interest aroused early enough an life to prepare over a 
period of years Thus arithmetic and mathematics and science work have been organ- 
ized m sequential steps or courses The potential scienust thus ís expected to be inter- 
ested ın and to complete successfully each sequenual step, His mterest must withstand 
the competition of other interests, for if he has the capacity to be a good scientist he 
probably has ability to be good in other ficlds and he has a strong curiosity to find 
out about things ‘Thus science or mathematics interest must be sustained over a long 
petiod during which it must be disciplined by sustained tasks that require concen 
trated and at times tedious work. That, however, is true of developing a. high degree 
of proficiency in any area. The immediate and longrange rewards—i e, commenda- 
tion and encouragement as progress is made, mixed with the right proportion of 
pressure to keep practicing when the going gets rough—holds for building high compe- 
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for many years) is the highest in the nation's history The per cent of high school 
pupils enrolled in science and mathematics also increased slightly. This is the first in- 
crease in percentage since 1910. 

Here are some figures. Whereas in 1954 only 77 per cent of high schools offered 
courses in chemistry or physics to twelfth-grade pupils, in 1956 there were 82 per cent 
that did. Whereas in 1954 only 78 per ccnt of high schools offered plane geometry to 
tenth-grade pupils, the number now 1s 81 per cent 

In 1952 there were 24.6 per cent of high school pupils taking algebra. It had in- 
creased to 28.7 per cent in 1956. This 28.7 per cent represents more than two million 
students, against shghtly more than half a million m 1910 when the per cent of high 
school pupils taking algebra was 56.9 per cent 

The percentage of pupils taking biology rose between 1951 and 1956 from 726 per 
cent to 75 per cent, taking chemustry from 3] 9 per cent to $46 per cent, taking physics 
from 23.5 per cent tu 24.3 per cent, taking plane geometry from 874 per cent to 41.6 
per cent, and taking intermediate algebra from 285 per cent to 322 per cent. 

One may regret that the percentage ıs no higher, but to have that much gam in 
(wo years’ time rn the percentage of pupils enrolled in science and mathematics when 
total pupil enrollment has gained appreciably each year, and to have the gain con- 
sistent for the several courses menuoned, is notable and heartening. And remember, 
this is in the face of a shortage of science teachers and science facilities in many places. 

I call this to your attention, too, in the light of much publicized figures which 
point out that between one-fifth and one quarter of high schools do not offer physics 
or chemistry, Let us keep in mind that only about five per cent of the nation's high 
school pupils are enrolled in this 23 per cent of the high schools, probably one hundred 
or fewer pupils per school. ‘This is because there are still about one-half of the high 
schools which enroll less than 200 pupils But here, again, we can note progress, for 
school district reorganization has reduced the number of school districts in the nation 
from 117,000 ta around. 50,000 school districts in less than twenty years’ time, 

And if we turn to the colleges we find that freshmen engineering enrollment has 
lor the fourth consecutive year increased, and the ratio of increase ts higher than that 
of college freshmen generally N i 

When I turn to the situation im Detroit the picture of science ancl mathematics 
in the schools may be painted dark, gray, or white, depending upon one’s point of 
Mew. In high school student enrollment the percentage of tenth graders enrolled an 
biology is 85 per cent against the national average of 72 per cent. In chemistry the 
Percentage of eleventh graders is 34 per cent against a 32 per cent national figure. 
la twelfth grade physics the 24 per cent of Detroit pupils ıs the same as that for the 
Tation. During the past three years Detrost high schools have graduated a few more 
than 9,300 pupils. All of them had at least one year of sctence, 42 per cent had two or 
more years; and 12 per cent had three or more years. , : 

Pupils in nearly all of the elementary schools hase scrence instruction from a 
pecial science instructor. Pupils in junior high schools have science sn each year and 
arithmetic is provided each year up to high school. Pupils who graduate from high 

ool must complete at least one year o science and one year of mathematics. Addi- 
tonal science and mathematics offerings are available, but not required in all curricula. 

The focus in arithmetic in Detroit schools during the past several years has been on 
developing mathematical xoncepts m addition to mastery a£ the sil. Understanding 
relationships, and of how our arithmetic sjstem is developed on the base of ten are 
Considered important objectives as well as learning the muluplication tables. Last 

Yer new textbooks were selected for arithmetic and for algebra. 
_, Detroit has for many years encouraged science clubs in its secondary schools to pro- 
Vide opportunities for those with special science interests and abilities to have freedom 
Yt guidance in self-initiated actisities. This year the schools are deeply involved in 
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Courses in any subject field~properly taught—can challenge and require effort 
and apphcation by the learner Those of ability and interest should be expected to do 
those things which require effort and to do them in ways that will exercise their abiti- 
ues IE progress 1s evident to them and the significance of their activity and concen 
trated effort is clear to them, then contmued growth and interest can be anticipated. 

But let us not assume that all pupils will exert their full ability in. all of their 
actasines nor should they. You do not—or should not—eat as much as you could every 
meal You do not walk or run to your full capability whenever you have a chance. 
You do not read every stem in the paper as carefully as jou might. No—you try to bal- 
ance your diet to fit our needs and your tastes. You walk or run fast when you have 
to catch a tram, but try to avoid that generally You choose the items that you will 
read carefully depending on your interests, and on the time available from other 
things that you cannot control Choice of soft versus hard courses is not peculiar to 
youth You and I, given a choice, usually take the one that is the most attractive in 
terms of what we want—money, leisure, prestige, field of actusity, location, future op- 
portumty, security. We usually do not take the rough road if we can get there as 
quickly of at least on time by use of a more comfortable one. So must we expect that 
pupils will and should use their abilities in accordance with the significance they see 
1n extending themselves to do high quality work 

Science and mathematics for those who would becorae tops ín their field are proba- 
bly no more rigorous than music and art and philosophy and law and medicine and 
the writing of prose or of poetry for those who are the high ranking scholars and per- 
formers in their fields. It 1s perhaps easier to detect those whose ability to perform is 
mediocre in science and mathematics than with the arts or social sciences, and thus to 
apply the right or wrong, pass or fail, procedure, But we need to be careful about apply- 
ing the idea chat science and mathematics are Aarder, and thus screen out potential 
scientists by fear that they might not be able to succeed. We need to be careful lest we 
ehmmate able young people from science or math courses by applying more rigorous 
tests or doing Jess to challenge their snterest than 1s true in other fields 

The G L program, especially, and other experiences, have demonstrated that some 
able persons may not hase been interested or challenged by high school or college 
work. In the service or n working they developed a new interest or a new purpose 
which caused them upon return to school, college, or graduate school to devote great 
energy and full ability to mastery of problems and processes they had earlier avoided 
or done in cursory fashion 

The choice for them was not whether it was soft or kard but whether it was stg- 
nificant to thew purposes and what they thought was important. 

The fourth condition I shall mention is restricting science opportunites to puptls 
because facilities are limued. 

Shortage of laboratory space is even now a factor of importance for many schools 
and colleges who have students able and willing to go ahead with science study. Lack 
of equipment to deal with nuclear science and electronics plagues teachers who them 
selves ate equipped to work. with students in these fields. If there were available more 
science teachers, and if a larger proportion of students continue to enroll in science, 
we hase the problem of seemg that they are not frustrated by shortage of space and 
equipment for engaging in scientific study. 

I have no’ here emphasized the greatest lack which restricts science opportunities, 
lack, of sufficient well qualified science and mathematics teachers fn elementary schools, 
high schools, and colleges. That is so fully recognized, I hope, that I shall but under- 
Jine st here. 

Now let me tura to efforts which hase been underway by educators and citizens 
these past several years and indicate that progress is being made. 

Furst let us Jook at the national scene. This fall the number of high school pupils 
enrolled in science and mathematics courses (which has increased steadily year by year 
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the scence fa program which culminates May 14 [1958] 1n the Metropolitan Fair 
at the State Fair grounds 

The influence of a nuclear biology snsucute this past summer on bringing latest 
developments in this field to about fifteen Detroit high school teachers and providing 
them with apparatus and matenals for carrying on instruction in ther schools 
pointedly demonstrated the need for similar type opportunities for many more science 
teachers 

‘There are three more activines in progress which deserve some comment as indi- 
cating steps underway to improve the education program, including science education. 

The first s the city wide study of Detroit school needs inaugurated about a. year 
ago. Thus two-year study, by a committee broadly representative of the lay citizens and 
educators on a city wide basis and by eight separate similar regional committees, is 
tavolung more than three hundred persons. 

What are Detroit school needs in the decade ahead?" is the question they are 
studying. 

‘What changes in the science and mathematics program are indicated as one phase 
of that study. 

I note this especially because in a recent message of the President the need for 
catzens to study their schools toward this end was one recommendation, 

A second activity, provided for in the school budget this year, was the extension 
to the fields of science of a program well established in music and art. It is a program 
of classes on Saturdays fot grade school pupils of specia! abilities and interests in the 
field. Preliminary planning during the first semester will permit the initiation of these 
science classes beginning with the second semester. 

The third acuvity is a brief report on an experimental high school program 
inimated at Cass High School this fall that will challenge the boy or girl who has been 
blessed with a rare degree of intelligence, a keen desire to learn, and a willingness to 
work. The program will be accelerated, not in the sense that the stay in high school 
wall be shortened, but rather that time and space will be found for enrichment through 
the study of advanced science and mathematics, and elective subjects which might be 
imposed upon the normal Joad program, and will include specialized subjects not 
ordinarily taught in bigh school 

The criteria used for the selection procedure were as follows: 

(2) Top exght per cent on the General Intelligence Test. 

(b) Top four per cent on the composite score of the Iowa Multi-Level Tests. 

(©) Superior grades in school subjects. 

(d) Recommendation of classroom teacher 

(e) Application by parent and prospective pupil for enrollment in this program. 

‘The Psychological Clinic and the Instructional Research Departments assisted 
in the screening of candidates for intelligence and general academic achievement. The 
program 1s designated as the science and arts curriculum, It is somewhat oversimplified, 
but reasonably descriptive to state that pupils in this program will, during four years 
as regular members of Cass High School, do five years of work. Their science and 
mathematics work during the fourth year, for example, vill include analytical geometry 
and calculus 2 and a third year of laboratory science. 

There are 202 presently enrofied. At the end of the first card marking two pupils 
were below passing in Latin l. There were no other failures. One hundred thirteen 
made the school honor roll. 

It is recognized that initial plans for the program will need to be modified in 
light of experience, and whether or not the program should be extended to other 
schools depends on experience with this group We behexe it is a significant start on 
providing more adequately for those of high abihty. 

‘The outline of the curriculum by terms now seems 10 shape up as given below, It 
will he noted that most of the work is a required program preparatory far almost any 
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to reduce these shortcomings Ahead we expect to take steps for continued currículum 
revision, for organized experimentation to ty to provide for more continuity of 
pupils with the same arithmetic teacher and the same science teacher, to provide more 
science facies and more up-to date equipment, to have comprehensive testing in 
science and in mathemarscs for better placement of pupils in science and mathematics 
courses, and to provide more opportunites for science teachers to do systematic study 
on new developments in their field. These and other activities are certain to keep the 
superintendent im Detroit actively trying to keep up with the ideas and the needs of the 
school staff. 

By the foregomg perhaps I have made clear several paints. (1) that if science edu- 
canon is to produce scientists in the numbers and o£ the quality we need the problem 
35 mote than one of requiring that more students sit more hours in courses Jabelled 
science and mathematics, (2) that teachers, school administrators, boards of education, 
trom elementary grades through advanced graduate courses all have important parts 
1n the making o£ scientists and need to examine present practices to see the extent to 
which they may be frustrating as well as producing scientists; (5) that much progress 
15 being made to improve and increase science education by school systems, including 
Detroiu; (4) that the necessary improvement of science education is something that 
must receive attention, work, and added support for decades—not just months and 
years~and that at involves in addition to the best efforts of educators, votes of school 
boards, legislatures, the Congress, and citizens at the polls 

And, a3 we assess the current and long range strength of this nation and consider 
steps to improve the preparation of its citizens we cannot afford to overlook or to dis- 
count an intangible element which is as important as, or of greater importance than, 
what I have discussed. Tt 1s that we must relate science education to the behefs held 
by persons wich spur their efforts, sustain their hopes, and maintain their cohesive 
action regardless of hardship. Scientists and engineers who lack appreciation for 
spiritual values, a citizenry lacking in bebefs beyond mere survival, emissaries to otber 
nations who are primarily concerned with what they can secure from them rather 
than what they can do to make living more significant and meaningful for them, can 
undermine and perhaps wreck the miltary and technological superiority we may have 
or develop It may even be possible that the preparation of missionaries, of philoso 
phers, of teachers, and ot health specialists dedicated to improving the living of people 
in other nations should have equal or higher priority than the preparation of scien. 
usts and technicians. 
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vide tours for junior and senior high school students to local industries in order to 
stimulate more interest in basic courses in mathematics and science. The Committee's 
purpose ın this program was stated by one of the industry members as follows, "The 
mission im this case is quite different from the usual trips taken through plants in 
Which there 1s an. effort to show the whole plant or to sell the particular andustry to 
the visitor, In this instance, the mission is rather to create m the students a real in- 
terest in science.” In this pilot project, 42 ninth grade boys were identified by algebra 
teachers as being capable students who could carry the story of what they saw back 
to their classmates. Science teachers of eighth graders did the same 

One of the groups of teachers, employed by the Allison Division of General 
Motors during the summer, was assigned the task of making a detailed study of the 
important things for youngsters to sce They also identified the Allison people who 
could talk to and inspire these youngsters. The whole day's program and itinerary 
were planned in advance The same was done by personnel of the Eh Lilly Pharma- 
ceutical Company, the other industry participating in the pilot project The project 
was carried out on November 8, 1956. 

Outcomes: The Committee decided that it must try to evaluate as many of its 
Projects as possible. Consequently, reactions were solicited from pupils and teachers 
Which might indicate the degree to which this kind of program achieved the desired 
outcomes The following are typical responses received 

“I most enjoyed my visit with Frank Blair, Jr (Allison) He talked to our group 
on the computer while he was testing a torque converter It was the only application 
of math to engineering I saw. 1 would have enjoyed seeing more engineers at work and 
less torque and transmission testing.” 

"I have been thinking of entering a field of science for some tune, but I have not 
Jet decided what field I should enter The trip to the Eli Lilly Company gave me many 
new ideas and has helped me to better understand and decide which field of science 
to enter,” 

“Since David is interested in electricity, he particularly enjoyed seeing the elec 
trical testing equipment and the electronic ‘brain’ Seeing the planes at Plant 10, talk 
8 with the workers, and visiting the Powerama were all highlights of the day. 

An assistant Principal wrote, “I personally feel the science tour was of great bene 

to Dick It provided him with more confidence, both in the classroom and school 
generally, The tour has resulted ın more attention being focused on science from the 
other pupils, Many pupils have asked about the opportunities of taking a similar tour, 
and seem to feel that going as an individual rs more of an honor than going in a group 

it and he Committee believes this to be a suffiaently valuable kind of experience that 
it should be increased fivefold in February or March of 1958, and should include both 
boys and girls, : i 

TROPOSAL $: That Business Education Day plans be modified this fall in such a 
wy that science and mathematics teachers can be grouped and invited to plants where 
Decully designed programs can be prepared for them. The Committee's purpose was 

‘9 increase the effectiveness of this program which was orginally designed to ratse 
'¢ awareness and appreciation of the relationship of education to the community's 
3,5655 and industrial life Four industrial firms participated ın the modified program 
sjd was carried out on November 16, 1956, through the co-operation of the Chamber 
of Commerce and local schools. RA aes: E 

Outcomes: Inquiries were sent to all teachers participating in the modified B 
ay Program as follows: “Members of the Industry-Schools Committee on Science and 
Muthematics Education are interested 1 evaluating the programs offered by the sev- 
eral industries to science and mathematics teachers. Would you please give us your 
n BY writing your criticism of program this year and suggestions for program next 


The following are typical of the responses receed: 
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sponsorship is provuled by the Indianapolis Board of School Commissioners and the 

Indianapolis Chamber of Commerce. : 
At its organization mecting on June 19, 1956, the Committee was asked by its 

sponsoring organizations to consider imualty the following problems or questions 


I How can more voung people be stimulated (ar required) to take basic conrses 
im mathemaucs and science to prepare them for college training in technical and 
scientific fields What devices or methods might be put to usc? 
2 Ate there enough able teachers in mathematics and science? 
a [s there need for stimulating more bnght young peaple naw in high schoo! 
to make teaching in these fields their career? 
b Is there necd for refresher courses for present teachers in these fields? 
c Is there need for more laboratory equipment in the schools? 
d. Are the curricula m these fields adequate to our needs? 
3. Is there too much interference from having too many course offerings which are 
not so fundamental? 
4 What contribution could be made on any of the above subjects by the part 
tme participation o£ men in these fields now in the employ of industry? 


Staustics were studied regarding enrollments in high school mathematics and science 
courses, the time given to science instruction in the junior high schools, and the train 
ing of science and mathematics teachers. Articles in professional journals and papers 
were reviewed Attention ol the Commitee began to focus on selected hypotheses, in- 
cluding the following: 


JO Ynspirateon and guilonce ol enthusiastic teachers will do more ta interest pupils 
«n science and mathemaucs than will anything else Upgrading science courses wil) in- 
crease enrollments, 

2. Improving instruction in science and mathematics is an important long range 
aim But there must be measures that can be taken immediately to interest youngsters 
tn the opportunites in vocations related to science. Pupil visits ta laboratories of 
local industrial scienusts might help 

3. Science instruction in many clementary and juniot high schools consists largely 
of reading about sctence. More laboratories should be provided, 

4 Science and scientists will flovrish best where all people are more literate in 
science and more appreciative of it. 


During the seventeen months of the Committee's existence, its work has included 
eleven specific undertakings, The following thumbnail descriptions include proposals 
made and outcomes to the present time: 

PROPOSAL 3. ‘That the Committee on Science and Mathematics Education make 
formal requests, through the superintendents of the vatious public school systems of 
Marion County, that sufficient funds be budgeted for the year 1956-1957 to supply 
equipment for an adequate science program m each jumor high schoof, and ihat a 
suggested last of equipment be subnutted. 

Outcomes: This recommendation was sent to all school superintendents of 
Indianapolis and Marion County. Although the Indianapolis Board oF School Com- 
missioners was already well into its budget preparation in July, it appropriated $60,000 
for equipment aud supplies for sts junior high schools This was fifteen times the 
amount appropriated im any one preceding year. At the same time a Consultant in 
Mathematics and Science was named to head up an intensive inservice education pro 
gram in the use of tus equipment. My associate, Dr. Newton G, Sprague, will include 
the discussion of this program in his presentation which follaws Other school districts 
of the metropolitan area informed the Committee that they were taking cognizance 
of the recommendation by strengthening their science programs. 

PROPOSAL 2: That a pilot program, sponsored by loca] industries and Marion 
County schools and coordinated by the Committee, be carried out in the Tall to pro- 
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to teachers. Twenty companies indicated the availability of 78 jobs. Teachers were 
also polled to determine their interest in such opportunities. One hundred teachers 
tesponded. Names of teachers were made available to industries, and information as 
to job opportunities was provided to teachers An appraisal 1s being made. 

PROFOSAL 8: That a request be made to a local foundation for money to assist 
scence and mathematics teachers im continuing their study in. these subjects. 

Outcomes: On September 13, 1957, the Indianapolis Foundation. granted $10,000 
to the Industry Schools Committee for use during calendar year 1958. The grant is 
renewable for two additional years. 

On their own initiative, the Eh Lilly Foundation, the Indianapolis Foundation, 
and the Indianapohs Junior League have given additonal funds amounting to several 
thousand dollars to the Indianapolis Public Schools for special education of teachers 
of gifted children, 

Proposat 9: That all Boards of Educatton be urged to budget funds to pay ex 
penses of high school mathematics and science teachers attending professional con- 
ferences, 

Outcomes: The Indianapolis Board budgeted, for 1957-1958, $3,600 to send mathe- 
matics and biological and physical science teachers from the eight high schools to 
such conferences, 

That amounts to $450 for each high school, which 3s not a tremendous sum, but 
it will send several representatives from our departments of mathematics, natural 
science, and physical sctence to meetings this year ae 

Proposat 10. That, since quality of teaching greatly affects pupil interests, all 
school boards be urged to improve financial mcentives to attract more capable people 
Into science and mathematics teaching. g . 

PROPOSAL ]l; That criteria of adequate high school laboratories and equipment 

developed and furmshed school authoritres for appraising extsting facilities and 
Planning new ones, n 2 

The Industry Schools Committee on Science and Mathematics Education held its 
regular monthly meeting on November 20, 1957. In the light of the current situation, 
including the teacher manpower situation, which we believe cannot be changed over- 
night through education alone, the members concluded that measures must be taken 
to determine our existing local scienufic manpower resources, and to take action which 
Seems necessary to assure the most efficient use of this manpower by the entire com 
munity, school, industr}, and military organizations particularly. 

Alter extensive discussion, the following proposals were approved: that the Boards 
of Education of Indianapolis and Marion County should be urged to make thorough 
Studies of the competency of their teachers in grades one through twelve, to determine 

€ science and mathematics teaching potentials of their enure staffs; and further, that 

£y should be urged to make whatever adjustments seem best to assure the most 
Hectve utilization of this teacher potenual, and further, that they should provide 
taining free from cost to teachers in science and mathematics subjects at high school 
Aificulty levels for elementary teachers as well as at college and unnersity levels for 
others, this work to supplement the training of the undertrained and to retrain those 
originally educated in other fields Finally, that the Boards should be urged to grant 
ompensation to these teachers for their time spent m such course work. 1 would like 
e Comment that this only proposes an application to education of what industry has 
been doing right along and what has been proposed and apparently will be carried 
out at the national level and the international level. ‘ à ä 
€ second proposal made yesterday is that the industrial concerns represente : 

te. Ihe Committee proceed with a study of their own personnel to identify potential 
\eachers who might be made available for teaching assignments. A report of suggested 


mans of assistance by industry wrth the teacher shortage should be made at the next 
meeting. 
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‘The third proposal was that a study be undertaken by this Committee of the 
reured military personnel in the area who might be competent in the fields of science 
and mathemancs and interested i» teachung in secondary school or college with or 
without additional traming These proposals are not all original: the importance is 
that we are adopting them for Indianapolis. 

‘The fourth proposal was that the Committee and its sponsoring organization draft 
a resolution to be addressed to our United States Congressmen and Senators and to 
the appropnate presidenual aide to the effect that the National Selecuse Service Boards 
should exempt from mihtary service all teachers licensed to teach and actively engaged 
an teaching science and. mathematics at the secondary school and college levels, and 
further, that any such teacher now im the Armed Services should be released on jot 
requests of the individual and of the local boards of education or college board of 
trustees for such time as the teacher remains in satisfactory teaching service. Finally, 
that any youth successfully engaged in college preparation for teaching science and 
mathematics at the secondary school or college level be exempt from military service 
during the trainmg period and for as long thereafter as be shall be actively and suc- 
cessfully engaged in teaching mathematics and/or science at the junior or senior high 
school level or at che college lexel 

The Committee also proposed that local boards of education be urged to in- 
sutute a systematic procedure for appraising the general educational development of 
all their pupils to identify those with scientific aptitudes, and further, that they de- 
velop more effective means for counselling pupils and their parents regarding the 
development and use of these potentialities. 

I wish to dose with the thought that the challenge of identifying potential scien- 
uhe talent among our children and youth, and of mspiring the needed numbers of 
these young people to prepare themselves for science-related vocations, must be met 
in local communities across the nation It is here that children live, grow, and de- 
velop their hopes and aspirations. It is here that they recene their early experiences, 
tt and aut of school, through which all later learning is attained. It is from Home 
town, U.S.A, that the nation has always drawn its strength. It is from Hometown, 
USA, that it wall draw its strength in the future, 


UPGRADING STAFF AND EQUIPMENT 
DR. NEWTON G. SPRAGUE 


Consultant in Science and Mathematics 
Indianapolis Public Schools 


The Indianapolis Board of School Commissioners appropriated approximately 
sixty thousand dollars for science equipment and supplies during the 1956-1957 school 
year, for the 74 junior high schools (seventh and eighth grades) Money is one thing 
and converting jt into usable supplies js another 

In the past several teacher committees had developed supply lists for the various 
unus given an the junior high school science course of study. However, since each 
School was limited, at that time, to an expenditure of $2500 per semester, the lists 
were not very extensive, but they were the starting point. 

Other sources of information for teacher equipment and supply needs were Cur- 
riculum Bulletin No. 20, Scrence—A Guide For Teachers—Juntor High Schoot, and 
Curriculum Bulletin No 20 Supplement, Related Science Activsties—Junior High 
School. These are tho publicanons which were developed during a period of time 
between 1953 1955 by the junior high school science teachers of Indianapolis. Many 
of the actuniues given in the bulletins required specific equipment and materials. 
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The Oklahoma science 
education story* 





FROM ARROWS TO ATOMS 


DR. JAMES G HARLOW 

Execultve Vice Prendent 

The Frontiers of Science Foundation of Oklahoma, Inc. 
Professor and Dean 

College of Education, Unnersity of Oklahoma 


The aims of the Frontiers of Science Foundation are substanaully broader than 

those which usually govern improvement of education in science and mathemaucs. 
Aaually the Foundation was set up to move Oklahoma s population through a change 
in outlook which would normally take one or two generations, we are trying to make 
the change in something ike five vears We call th» change entry into the new 
frontiers,” following Vannevar Bush's capuon of bis famous report, Science—the 
Endless Frontier." Our concern in Oklahoma is the dev clopment of a twenueth century 
Sal order in which the central activity is explorauon of the new scienufic and tech 
nological frontiers. 
_ Our programs are organued under three categones. pubhc information, educa- 
Sonal programs, and installanons programs The public mformation programs are 
amed at the development of a pubhc attitude to permit the kinds of change in edu- 
Guonal, economic, and socal polices which are necessarv for hfe in the last half of 
the twentieth century. The educational programs are designed to stimulate improve 
ment in science and matheraucs education at all levels in the States educational 
item from grade one through the graduate schools of the unnersities. The installa 
bons programs are to stimulate the development of science based industry in Oklahoma 
and to attract to Oklahoma the kinds of mdustnes which are characterstic of the new 
rontiers, 

,, ^ our public information programs, we maintam contacts with all the mass media, 
Principally the newspapers, and some work with radio and telesssion But the spec 
Peular things are attempts to demonstrate directly what 1s meant by the new fronuers. 
The Geneva Atoms for Peace Exhibit was presented in the spring of 1956 ft was open 
for eight days, and attracted some $30,000 visitors. Last summer we held a onedday 
Thum entitled “Oklahoma's New Fronuers of Suence: Industry and Education 

Symposium was addressed by ten of the world s ablest administrators in research 
and education, seven from the United States and three from Europe This symposium 
Fruduced crowds never under 1,800 people. and the total attendance was nearly 5.000 
People. 

A semicentennial exposition in Oklahoma this summer attracted roughly a million 
ind a quarter people. At that exposition 2 25.00 square foot display building was 

wren entirely to the interpretation of research a8 2 process, with displays from the Bell 
— 


um Foundauoa, 
Md hth Institute of the. Thomas Aha Ecion B 
Noexber 1357, Tod polluted bythe Foundanon in pamphiet form under the ute. 
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course [or them to take, certamn suggestions to change this were made by a committee 
composed of the assistant superintendent in charge of curriculum and supervision, the 
consultant m science and mathematics, and two high school principals 

On February 25, 1957, che general superintendent, Dr. H. I. Shibler, presented, 
and the Indianapolis Board of School Commissioners approved, the following resolu- 
uon: ^ , . Beginning in September 1957 every Indianapolis high school shall 
offer a science course to every 9B. pupil, who, in the judgment of the principal, has 
tbe ability and the maturity to ptofit from the course, No later than September 1958, 
a new course m. physical science be developed for all 9B. pupils wishing to elect it, 
within the necessary restrictions pertaming to class size. For graduation from Indian- 
apolis lngh schools, begining no later than with the graduating class of 1961, there be 
required 2 munumum of one year of physical science and one year of biological science, 
one of which must meet tbe state requirement of one umit in a laboratory science.” 
This ruling will necessitate the construction of more science laboratories and the 
hinng of more good qualified science teachers 

May I refer now to the mcrease in our high school science enrollments, In the 
fall semester 1955, the science enrollment was 4,479 or 27.4 per cent of the total high 
school enrollment of 16362 At a similar date in 1956, the science enrollment was 
5,575 or 847 per cent of the total high school enrollment of 16,075. "This fall the science 
enrollment was 6 824 or 417 per cent of the total high school enrollment of 16,346 
‘This shows a gay of 7 per cent for each of the past two years Part of this is due to 
the School Board ruling of February 26, 1957. However, we are certam that a part is 
alo due to the new emphasis placed on science throughout the country and in our 
junior high schools during the past school year 

At this point, it might be interesting to look at our changes in high school science 
personnel during the past year. "Two teachers were lost to industry, three to universi 
ties, one to a. private school and one to his own business On the brighter side, our 
high schools gained four from the junior high, two from county schools, two from 
the military, and. five (rom other sources The industries of Indianapolis ate to be 
complimented on their summer employment of science and mathematics teachers. This 
ty 2 very important way of helpiag the good teacher remain in the Classroom nme 
months out of the year. 

With the science program gaining momentum, attention has been turned to an 
other important area, Modern Mathematics and Its Implications for the Secondary 
Curnculum So far this fall we have had Dr Sawyer as a speaker. In December we 
will have another, Dr Bing A second part will be a series of five lectures, January 
through May. The meetings will be held after school, 3 45 p.m. 5 00 Pant. Seventy five 
teachers have already indicated a willingness to pay an enrollment fee of $7.50 for 
the series. This interest I am sure ss due, an part, to “Seminars in Sciences" which were 
paid for by industry last spring. 

An interesting experimental program is now in progress at Arsenal Technical 
Fgh School to appraise the possibilities for conserving more of the lesser-tafented in 
mathematics for technical level jobs The experiment is to determine the motivauonal 
value of the machine calculator in teaching mathematics As we look to the future, it 
1s planned that greater emphasis will be placed on student participation in Science 
Fairs dus year. Greater use will be made of experimental science programs on television 
and radio Co operation will contmue and increase between the jumor high school 
Science teachers and the junior high industrial arts teachers who have helped supple 
ment our science program this past year with units on electrical symbols, wirin£ 
diagrams, radio theory, wire splicing, ete 
i bids in Indianapolis that our program will continue to expand. We hope that 

ill help correct the shortage in science and technical personnel which our country 


faces today If we can be of any assi: 
t |y assistance in the development of a similar program 1n 
your “home town,” feel free to call on our resources. ü a 2 
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Publishing Company, personally financed the work leading ten or fifteen years ago 
to the establishment of the first elementary science curriculum in Oklahoma. The 
University of Oklahoma set up a high school science service ten years ago to stimulate 
interest in secondary school science on a state-wide basis, with full collaboration among 
the science departments and the college of education. 

All these activities came together m the planning for Oklahoma's semicentennial 
celebrauon held this year. When the Ollahoma City Chamber of Commerce started 
to plan this celebration, it cast about for an exposition theme, and a real triggering 
Operation was the result. Oklahoma is a young state—a first-generation state. Many 
of the men who luterally built it are sull alive and acttve. The new fronuers of science 
Provided an exposition theme which mungued these builders. The resule of their 
Casting about was their discovery of the grave national problems im science and tech- 
nology. In the excitement of its discovery, the exposition commuttee set up the Frontiers 
of Science Foundation, promptly promoted our hundred thousand dollars to support 
it over a five-year period, set the Foundation off on us course, and turned back to 
its business of planning the exposition. 

"The Foundation has been in operation since October 1, 1955. It has a membership 
of roughly 150 individuals. Its money 1s coming from subscripuons by mdividuals and 
by business firms, It has involved the leadership groups in Oklahoma vers intumatels. 
The present officers include two major oil company presidents, and a major publisher; 
the Executive Committee includes two other newspaper publishers, two bank presi- 
dents, the presidents of our utilities companies, the presidents of our major universi- 
ties, the chancellor of our State Board of Regents for Higher Education, the State 
Superintendent of Schools, and the superintendents of our two largest city school 
Systems. Professional groups are represented through the president of the medical 
association, for example, representatives from the society of engineers, and so on. 
The Foundation is an organization which started right at one of the power centers 
of Oklahoma. 

From its inception, t has involved the principal decision making agencies in the 
State, and this is the reason why we are able to move rapidly on programs in educa- 
tion and in the development of effective public aturudes We are more nearly a volun- 
‘ary organization than a foundation in the usual sense. 

Tam new enough with the Foundation that I am still wide-eyed about the things 
they are doing and plan to do. The Frontiers of Saence Foundation is not concerned 
alone with the improvement of education in science and mathematics. Its dream is 
nothing less than the creation of a disuncuve scientific-technical innovative democracy. 
ktis Working in an area of high national concern, and attempting to make a major 
contribution. $ 

It seems to me that the reason why we are getting results in Oklahoma is that the 
usk of improvement of saence education 1s not regarded as simply the task of the 
schools. These problems are regarded as mohing everyone in the State; the attitudes 
of people who vote for school board members are important factors in the develop- 

ment of education programs which more nearly fit the umes im which we live. Instead 
of approaching our problems with the idea of restricting responsibility to educators, 
Cur school staffs are looking outward, they welcome into their long range planning 
Particularly, and to some degree into their short range planning, representatives of 
Sther sections of the society. 
jn, 12 Oklahoma, we are trying to restate our educational problem. Instead of talk- 
ing about hours in class or credits to be required, we talk explicitly about what we 
Reed ia the way of 2 population informed with respect to science. Instead of requir. 
ig high school physics of everyone, as a recent Gallup poll reports most Americans 
avor, we should recast this and ash what is the rock bottom of competencies in physics 
for effective citizenship in the United States, today—and tomorrow. The reason we 
Seed to do more science in the schools is that there as more science outside the schools. 
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Telephone Laboratories, IBM Research, the Fansteel Metallurgical Corporation, and 
so on, and about a half dozen of the major governmental units, the Office of Naval 
Research, Institutes of Health, the Patent Office We also showed the best science films 
we could get There was a counselling center for young people, staffed with counsellors 
from secondary schools and colleges in Oklahoma Approximately 240,000 people 
visited the building, and the counselling center attracted about 2400 young people. 

We arrange speaking opportunities for scientists and administrators commg 
through Oklahoma On rather short notice, we have gathered groups of six to eight 
hundred business and educational people to hear leading scientists, engineers, and 
administrators in research and engineering. 

Groups of our own people have bccn going at their own expense to visit major 
research installations all over the country When it was decided to undertake a frontiers 
of science acuvity, many of our leaders thought they should see what a frontier of 
science looked like. One of the oil companies provided an airplane, and groups went 
to the Argonne Laboratory near Chicago, to Brookhaven, to the National Bureau of 
Standards, and other major research centers Groups have also visited the Massachusetts 
and Cahforma Insututes of Techaology and the Ramo-Wooldridge Corporation The 
Tenth Investigatory Tour, held this fall, went to the Stanford Research Institute and 
the Stanford Industrial Park on the West Coast These tours have been among our 
most effective devices, because through them community leaders have become directly 
acquainted with problems of science and engineering, and with. problems of education 
1n these fields. 

As education projects, we conducted one major talent discovery and curriculum 
assessment program through a state-wide testing program of which Mr. Spencer will 
speak. Oklahoma has just published a new mathematics curriculum for grades one 
through twelve, work for which was supported by grants from the Frontiers of Science 
Foundation We are distributing 24,000 copies of x special guidance folder, designed 
to interest young people in science careers at all levels, from secondary school gradua 
tion clear through to the Ph D. level In October we had a two-day conference in one 
es ous major universities addressed to the stmulation of interest in community science 

airs 

We are maintaining an information service for all secondary school teachers in 
the State. Roughly once a month we mail a packet of materals to these people. These 
include speeches which may have particular relevance to our problems in ONahoma, 
freshly available guidance materials, suggestions about curriculum, and reprints of 
stimulating articles, 

In the installations activities, we have been assisting our major research institutions 
an the development of adequate investigative facilities in each place. Within the past 
year, the Atomic Energy Commission installed two small research reactors at the Uni 
versy of Oklahoma and at Oklahoma State University. The one at Oklahoma State 
4s now in operation, and 1s the hub of a new program of training engineers in nuclear 
physics. We are currently seeking Funds to establish a major numerical analysis center 
with a general purpose and research computer, either at the Unnersity of OMahoma 
or Oklahoma State. 

Two large modern plants have decided to locate in Oklahoma and have reported 
that their interests were sharpened by the activities of the Frontiers of Science Founda- 
tion These are a Western Electric plant, manufacturing the new crossbar relay equip- 
ment which i5 the central unit in the long distance dial networks, and the Yansteel 
Metallurgical Corporation's ptant which will manufacture rare earth 

How the Frontiers of Science Foundation came into being is quite interesting 
For a good many years, many Oklahoma people were interested in the improvement 
of education n science and mathematics The Oklahoma Academy of Science has had 
an active High School Relations Commntee for more than twenty years. The Chairman 
of the Foundation’s Board of Directors, E. K. Gaylord, President af the OM ihoma 
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decided to do it, in as short a period as six weeks, the professional educators asked 
the individual high schools to come nto the program On a voluntary basis, In six 
weeks, more than four hundred high schools across the state, mvolsing well over half 
the high school population of the state, did come into the program. 

We tested over sixty thousand students in one day, in grades nine through twelve, 
The testíng battery used is called the Iowa Tests of Educational Development. They 
are generalued achievement tests which are designed to measure not only what a 
student Jearns in school, but out of school also, in. eight major fields of education, 

I will not say these tests are infallible, because they certainly are anything but 
that, The way we look on them 1s, although they are anything but perfect, they are 
probably the least bad evaluative devices on a broad scale that are now available. A 
number of longitudinal studies made with them indicates that their value for predict- 
ing later college success is typically quite good As a matter of fact, one outside study 
done with them indicated that scores on these tests made at the beginning of the ninth 
grade were slightly better predicters ot later college achievement than all the school 
grades put together at the end of the twelfth grade Combining school grades and test 
scores, however, are a better predicter than either one of these individually. The cor- 
relations with later college success are typically m the middie sixties 

In addition to the Iowa tests, one other experimental attitude questionnaire was 
used to attempt to reveal educational expectations, in order to cross-tabulate test scores 

with whether the students expected to go to college or not, and to find the mucal 
cases on whom most of the work needed to be done This work, by the way, was done 
by Dr, Samuel Stauffer, the Director of the Laboratory of Social Relations at Harvard, 
and in part subsidized by the Ford Foundation 

Briefly, the results of these tests indicated that Oklahoma. was slightly below the 
national average in terms of educational development Furthermore, at the high school 
level, they were not growing quite as fast educationally as were students of the high 
school level of the rest of the country. The thing that reaily excited and graufied me was 
that, instead of being defensive about these findings, the state teacher committees set 
to work immediately to find ways of improving the curriculum, both in the area of 
mathematics, and also in the field of English. Another finding that was exciting was 
that more than seven thousand students were found who rated m the top twenty 
Pet cent nationally in science and mathematics tests 

One other thing was done that later proved to be one of the most important 
Motivating factors, although we did not think about it in this connection at the ume. 
Mr. Dean McGee, who is the President of the Kerr-McGee Oil Industries, and Chair- 
man of the Oklahoma Frontiers of Science Foundation, sent personalized letters to 
All of these seven thousand very bright kids The result of that letter proved again 
that results thar are possible through motivation are much larger than we usually 
think. It demonstrated again that many students literally do not know that they are 
bright, and neither they nor therr parents realize the career consequences that can 
occur as # result of trained intelectual brilliance. : 

Generally, psychologists do not consider that it is good policy to communicate to 
students directly, or their parents, the results of intelligence tests per se. The reason 
given is that i£ a student is not bright, nothing can be done to rmprose it. Asa tul 
of fact, that really is not so. The way we broke through this barrier is to be carefu 

UB tall these tests that we use educational development tests, and to make the point 
at anyone can improve if he works harder, which he can. . 

It appen bat: embedded in this battery of nine different tests making up e 
Iowa Tests of Educational Development are all the elements we usually ELE 
gence tests. There is a distinction between what we call intelligence tests and what we 
‘all achievement tests, but even what we call the purest intelligence test can ened 
Plot of learning factors in it T would like to sce the term "intelligence tests” dropped 
in schools, because what has previously been a negate dhing can be turn! 
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A great outlay of money, at least in this case, was not the key to getting this pro 
gram off the ground. The total amount contnbuted by businessmen at the beginning 
was [our hundred thousand dollars for five years. or about eighty thousand dollars a 
year. This money was raised in a very short ume which was impressive, but this is not 
a large amount as support for programs of this kind goes. 

As far as the talent identification program was concerned, onlv fne thousand 
dollars was contributed by the Frontiers of Sacnce Foundation Bevond that point, 
the schools did it for themselves. The point again was that the meld between the edu- 
tational leaders and the business leaders and the enthusiasm that became infectious 
in the interaction between these two groups. 

Still another aspect of this financial situation. was. that in. gctung the program 
foing and getting the students later to go on to college. scholarships plaved almost no 
part. So often the first thing we think of and the first tung busmessmen think of 
when we want to do something is to give some scholarships to see if we cannot get 
more of these bright kids to go to college Oddly enough in OMluhoma there was no 
enthusiasm for this idea among the businessmen; in fact there was a distinct. feeling 
among many of them that scholarships might be bad, that this would produce aturudes 
of something for nothing or that the world owes bright kids a living Personally 1 think 
that this position is too strong. Nevertheless, 1t is most important to note that in our 
first follow-up study the following fall, of the four hundred students who were bright 
tt in the twelfth grade in the spring, 316 of them did start to college that fall, and 
many of the other eighty-four sull planned to go Less than twenty per cent of these 
received scholarships or other substantial financial aid of any kind, and a great num- 
her of these students came from poor financial circumstances 

I suspect that as we go along we are going to find increasingly that motnation is 
much more important than we have prestoush thought, and that lick of money i5 
often a verbal crutch for kids who do not want to go on to college or later want to 
Crop out of college for other reasons. What we need to do is to find out, through 
intensive investigation, not just by questionnaires, much. more about the asumpuons 
on which these decisions are based. 

We learned in Oklahoma that it is important when we enter these programs not 
to interpret the program too narrowly, not even to say that the program should only 

for future mathematicians. scientists, and engineers. We did restrict the program 

in Oklahoma, and I now conclude that it was a mistake Most bright students are 
Very idealistic and highly malleable. I could cel} vou about other experiments we have 
tun in other cities, where in a short time we have been able to increase the number 
who wanted to go into any given occupation in the field of the sciences bv as much as 
Eft} per cent, We are beginning to suspect that this sort of prozram iy too narrowly 
concetved, and can produce later backlash. Furthermore, none of us who are in this 
feld are omnipotent, and it is easi to make mistakes 1 think a much better approach 
b tostan out by attempung to enlarge the total brainpower pool, and provide good 
counselling once we have identified the bright students. a E 
,.. When «e say the only important jobs to consider now are science and engineer 
mg, immediately we set up covert opposition, esen if it does not become verbal, among 
People in other professions or other fields who also feel a shortage of brainpower For 
instance, my own company needs man) more good pecholomsts than we can get A 
Near azn 1 made a tall. before a professional group on the need for scientists, Later I 
^t a choleric letter from a lawyer who said that he law firm needed good young 
WETS Very badly, and he was not going to support any program in which the law 
khools did not have a chance. 1 might add that certamly there is an enormous newt 
hr "NE gone teachers in am feld 
thted at is subject is that i 
fen when we eee them Dato saence, we want to be very careful that thor train 
("8 Ptograms are not interpreted 100. narro»!y. We just finished 2 longitudinal six 


the traning programm fer these bright bade, 
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very positive and rewarding thing, when the student who receives a low scote is en- 
couraged to bring st up with hard work 

One of the results of the tests was that the following fall there was an increase 

of around twenty seven per cent in enrollment m science casses ín schools that had 
participated in the program the previous spring There had also been a great deal of 
publicity about the program, and there was an inctease of nearly fourteen per cent 
in science and math class enrollments in the schools that had not participated, Again 
we think this was largelv due to the resulung publicity, because there was relatively 
little guidance work yet being done in Oklahoma This was achieved mainly by class- 
room teachers who buttonholed bright students when they came back to school in 
the fall, and said, ‘If you don t take the hard courses”~and they did not have to— 
‘you are only gomg to be hurung yourself in the long run” This sort of argument 
makes sense to kids and it also makes sense to parents. 

In terms of individual careers, I felt at was even more touching, There was one 
grl that came m the upper five per cent of all the students nationally on these tests, 
who had been 1n an orphanage for a number of years. She showed her aunt the letter 
that Dean McGee had written her Within a month, her aunt and uncle adopted her. 
"They could have done this any time in the previous ten years, but apparently the idea 
that they had a bright child in the family was such a stimulating thought that it pro- 
duced this major change Another example that appealed to me was a junior who was 
the star football player ın one of the suburban schools near Oklahoma City, and foot- 
ball is not a subject that is entirely forgotten in the State of Oklahoma. Jt turned 
out that he was in the mnety fourth percenule on the science and mathematics test. 
Up to that ume, he had not been taking an academic course, and he had not planned 
to go to college As a result of the test results and some good counselling afterwards, 
he decided that he was going to become an engineer But he was told he would need 
faur years of mathematics to do this He had only had one year, and had already 
stopped takıng math, and he only had two years or even a little less than that in schoof 
before be was going to college, if he was going to do 1t. He changed his whole course, 
taking sntermediate algebra at school, and he also took trigonometry and solid geome- 
uy by television on his own One semester later when we checked on him, his grades 
wert averaging A minus and he was still a good football player. 

J have only mentioned a few examples, but they are by no means unique. They 
are only jllustrauve of the major career changes and motivational changes that can 
be produced in young people if a talent identification and counselling and guidance 
program can be set up 

I wauld like to mention some of the major implications that seem to come out 
of this OMahoma experiment, which are generaluable across the country. I realite 
that many of these pomts are quite controversial, and I am quite sure not everyone 
would agree with some of these points, 

‘The first one ıs that if this sort of program is going to get off the ground in a 
community, in addition to strong support from educational feaders, absolutely vital 
as the mayor support of the thoughtful, big business leaders in the community. This 
impressed me very greatly in Oklahoma, ‘This was not lip service support This means 
im\inng educational leaders into the homes and private clubs of the businessmen, 
where they got to know one another, and develop the kind of trust which I dunk 
has not been produced before. It is also essential that when businessmen get imobed 
in Dus sort af thing, they give their support but not try to get down to the how todo 
level m working out programs of improving a science curriculum. 

Anadier dung that f tiun fad some relationship to the success of the Oklahoma 
program was that, at an early stage, outside recognition of the program was also 1€ 
ceived The National Science Foundation came through within the first sx months 

with a grant for $250,000 to set up a year-long institute at Oklahoma State Unuerstty 
for the trang of scence and mathematics teachers. 
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ear follow up study of students whom Science Research Associates had tested in the 
twelfth grade. We followed them all the way through college to find out who were 
the brightest ones, who did best during ther four years of college In the area of 
engineering, just as one example, we found that those who were going to be success 
ful, whether chey were © students, B studenus, or A students, had to be very good. 
They had to be in about the top four per cent in their science and math tests But 
the tests about the engineering students that really discriminated between those who 
graduated 23 A students and those who graduated as C students were the scores that they 
had made on reading comprehension sn the field of English literature. 

Tt is quite evident that much more basic research in this field is needed on a 
longitudinal basis “The testing program in Oklahoma was done for grades nine 
through twelve. 1 am now convinced it should have gone down at least to the seventh 
grade and probably much further There is a great need at this time for an evaluation 
and assessment through the entire conunuum—starting maybe at the age of six months, 
through kindergarten elementary school, high school, college, graduate school, and 
on into Cie distunguished research laboratories of our counery—to find where are the 
places that, if we apply pressure we can have the maximum impact in changing their 
careers, getling them more seriouslv motivated to want to go on with their study and 
work. 

I cannot help but have the feeling and l get it increasingly, that particularly 
those of us im the ficid of education. need to be much more decisive than we have 
been in getting programs af this sort started, We need to act more and possibly to 
talk less We necd to set objccuves and start our after them without too much second- 
guesug and sclé doubt. 1 kare seen sa many programs thae appeared to hate great 
promise come to nathing because those who were running them were really motivated 
more by fear of making possibly wrong steps thin they were by desire for action. 

Jn the business world yon see all the ume the Uadition of progress that exists 
there. In. most businesses. growth 15 taken as a matter of course, It has been said that 
1he three per cent annuit ina ease in [abor productivity per year is the most important 
single statistic underlying our economy T often feed that this tradition of progress is 
somewhat Jacking in the field of education, although pouibly not for any reasons 
for which we ace responsible Ltacators have been criticized. so. frequently that de 
fensivencis bas often resulted We ate too frequently in the position of having to 
prove that education bas not deteriorated in the last generation, rather than taking a 
postne vew tat ats good now and we hae lots of «ays to make it gee better. 

Finally it my just be possible that our tmang now is righter than it Nas ever 
been before co make measurable progress wi the future, 1 like Mr. Kettering’s restate- 
ment of the second law of thermodynanucs, that you can't push something that i5 
moving fisier than you are F hope that this is not the situation these days, particu- 
larlv between the Undcd States and Russi 
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environment centered. $19 
at Forest Hills High School, 190 95 pass, 
324.97 pass 
frames for developing 323 37 
materials for 327 28 
im New York City, 533.35 
in New York Stare 330 
and objectives 327 29 
patterns of 317 22 
amd policy, 828 27 
for science shy, 151 
and scope and sequence, £29 35 
special considerations in teaching, $87 
as substitute for special sciences, $25 27 
substitutes for 32425 
survey, 319 
understanding the modem-world, $1921 
tugh school enrollments in (2890 1956), 208 
(1954), 207 
skills uy 402 
test scores in, 118 
Genera) Soence Svilabus Commute, New 
York City, $28 29 
Generaluation approach, to cürnculum con- 
struction, 90-91 
Genetic factors, in science proneness, 168, 
17172 
Genenct, teachong of, 238 
Geology, 238, 520 
Gifted student See Science-prone student 
Grades, based on par value, 425.95 
final, determinations of, 426 
in honor program, 195 
for science shy. 163 6t 
Graduate Record Examination, 444 
Grew, Nehemiah, 28 
Groups, obserration of, 391 
specal, of science prone stugdepss, JR? R3 


Hall, G S, 237 
Harvard Case Histories, 43 
Harvard Conference (£953), 474 
Harvard Report, General Education in a Free 
Soctety, 269, 369, $70 
High School of Music and Art (NY), 18% 
High School Traveling Science ‘Library Pro- 
gram, $16 
Historical perspective, and modern onenta- 
tion, 9L 
History of stience, paperback books on, 519- 
20 
Home economics course, 238, 216 
Homework. See. Assignments 
Huxley, T. H, 287 
Hypothesis(es), 12, 19, 20, 40 
accepted as theory, 25 
ebetted by questioning, 183 
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Hypothesis(es) (Cant) 
eliminating, 29f. 
formulating, 22/- 
testing, 19, 20, 29, 39 


Image of scientist, among high school stu- 
dents, 452 63 
Indianapolis, science education im, 541-48 
Instrumentation See Equipment 
Intelligence, as inherited characteristic, 151 
Intelligence tests, 60, 63, 61, 187-55 pass, 173, 
172, 173, 282 
Insescegation, sa class, 3746, 231-93, 2399. 
‘open endedness of, 29 
Redvs, analysis of, 17-21 
fowa Tests for Educational Develapment, 45, 
433 
IQ scores See Intelligence tests 





Journal of Chemical l'ducation, The, 498 
Journal of General Education, The, 216 
Jumor Engineering Technical Society, 527 
Junior high school, core program in, 363 
forestry integrated in curriculum of, 204-05 
general science in, 327 
science in, 206, $74, 375, 376, 377 


Laboratory, in biology, 251-52 
in chemistry, 274 75, 276 80 
and classroom demonstranon, 44, 128, 129 
common ingredients of, 37 
development of, in Minneapolis, 511 14 
dilferentiated work in, 186 
empiticism in, 15 
im physics, 286, 309-12 
planning, 126. 
portable, 510 
trend toward increased work in, 209, 213 
and workbooks, 487-89 
See atso Science faciiuties; Equipment 
laboratory lesson, 138-103, 186 99 
Laboratory squad, 82, 501-04 
Language, of science, 204 
Lavoisier, Antoine, 259, 487 
Learning, in elementary school, 252 5$ 
elements of, 114-18 
and “Eurekas,” 118 22 i 
See also Concept attamment: Pattern(s) ia 
teaching 
Learning stuanon, 1 
156 
Lecture, 135 
25 lesson, 136 38 
Lesson, aim of, 131 
before beginning of, 126 30 
beginning of, 180 81 
end of, 135.86 
extended by means of assignment, 136, 
laboratory, 183 43, 486-89 
and laboratory approach, modified, 127 $0 


14, 115, 122, 180, 151, 
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Science News Letter, 68, 495, 498, 530 
Science program, multi-track, 66-69, 217-19 
total, 327 
Science prone student, 62, 67, 82, 118 
and activating factors, 170-71 
evaluation of, 176-77 
and adsanced course, 182 
and advanced school, 183-84, 207 
case study of approach to teaching of, 187- 
5 
characteristic behavior of, 178-80 
in class, 187.88 
curricular policy for, 180-84 
and genetic factors, 168 
evaluation of, 171-72 
and independent school, 181 
and individual differences, stimulation of, 
185-86 
nature of, 168-78 
and persistence, 169 
and predisposing factors, 169 70, 174-75 
evaluation of, 172-73 
and project work, 192-93, 195 
and questing, 169 
and schools, types of, 183-84 
and special course, 182 
and special schoot, 184, 207 
and special group, 182 83 
teaching method for, 184-86 
Sdence Research Associates, 431, 433, 425 
Science Service, 499, 500, 529 30. 
Science shy student, 61-63, 67, 82, 153 
approach to teaching, 150-61 
dass organized for, 150-51 
curricular design for, special, 151 
grades for, 163-64, 426 
guidance of, 151-52 
in heterogencons groups, 162-63 
intelligence ot, 147, 149 
and interest in science, extent of, 147 
leson pattern for, 155-58 
mature of, 146-49 
and pattern, of day, 159 
of lesson, 155 58 
special teaching, 154-62 
of week, 159 61 
Planning course for, 152-55 
prior preparation of, 148 
program organized for, 150-51 
progress report on, 162 
and reading for meaning, 159, 160 
special curricular design for, 154 
special teaching pattern for, 154-62 
special techniques for, 161-62 
Saence Talent Search, 179, 180, 186, 192, 393, 
499, 530 
Senec Teacher, The, 108, 400, 435 
Saee Teacher Institutes, 279 
nr World, 493 
‘entific American, 68, 189, 495, 493 





Scientific attitudes, 30 32, 48, 100, 415 
Sciennfic methods, 11-14, 31, 32 
Saenusts, biographies of, 47 
evaluation of own methods, 51-52 
high school students image of, 452-65 
as buman beings, 53 
imestigations by, 17-18, 19, 21. 49 51 
in motion pictures, 47 
need for, 449-50 
observing wavs of, 46ff 
papers (reports) bs, 23, 47-48 
Scores, test, Interpretation of, 442-47 
Seating, differenuated, 185 
Self correcting nature of science, 18, 28-30, 47 
Sequential Tests of Educauonat Progress, 445 
Shalls, in science, 402 
Slow learner, 147-19. See also Science-shy stu- 
dent 
Social studies, 419 
in elementary school, science content based 
on, 227 
Socrates, 132, $87 
Sound and music, approach to unit on, 352- 
55, 356-61 
Southeastern Conference of Biolog. Teachers, 
Report of 244 
Standard deviation, 415, 444 
«alculation. of, 446, 417 
Student(s), acclimation of, ın laboratory, 486 
and behavioral objecuves. See Behavioral 
objectives 
bright, disnnguished from gifted, 189 
classroom participation of, 391 
cumulative record of, 393, 395 
differences in, stimulation of, 185 86 
gifted, 189. See also Science-prone student 
and learning theory in relation to concept 
formation, 114-18 
observation of, 393 95 
report by, 497 
in science clubs, 65, 68, 69, 183, 190, 500 
saence prone. See Science prone student 
science-shy. See Science-shy student 
scienust portrayed by, 451-63 
and shanng in testing, 426-27 
“test-conscious,” 388 
testing See Test(s) 
tests scored by, 437 
See also Teacher(s) 
Stuyvesant High School (N. Y), 184 





Teacher(s), beginning, 101-02 

and behavioral objectives, 91-93 

and "controversial" topics in biology, 252 
55 

demand for, 469 70. 

and developmental tasks, 87-89, 91, 105, 
106, 107 

in evaluation program, participauon of, 
427 28 
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Physics (Cont j 
mathematics related to, 147, $)1 18 
modern, social impact of, 452 
paperback books on, 519 
statis m, 402 
subtlety of ideas in 308 
tesc in, sample, 423 31 
test items am, 434 35 
Physecs Today, 498 
Physiology, 287, 238.240 
Plants and environment. approach to unit on, 
35052 
Poincaré, Henn, 2l 
Popular Science, 198 
Predicuon 18, 15, 25, 30 
evaluation for, 389, 416 28 
precision of, 24, 25 
quanutative, 24 
testable, 42 
Predisposing factots, 14 science pronenes, 
169-75 
President s Committee on Scientists and En- 
gineers 529 
Pnestiey foseph, 259, 487 
Primary Mental Abstties Tests, 171, 172, 178. 
44, 431 
Problem, stating of, 39 
Problem seeking, 122 123, 114, 116, 127, 113, 
12 
Problem solving, 2627, $2, 91, 32, 193, 194, 
117, 148, 120, 229, 181 
Progresive Educanon Asocation, 88 and n 
Project(s) 80, 198 99 
for science prone, 192 93, )95 
“Thinking, of University of Minows, 433 
Proof understanding nature of, 412-14 
Psychological Corporation tests, 171, 178 
Psychology course, 233 


Qualitative information, 24, 25 
Quantitstete prediccion, PI 

Quarterly Review of Biology, The, 189, 498 
Questing, and science proneness, 169 
Questioning techniques, 13% 35 


Rachoactive fall-out, problem of, 274 
Readiness 114-15, 116, 117 
Readingis) 80 
for meaning, 159, 160 
Reading scores, 60, 65, 64, 148, 150, 153, 171, 
172, (73 
Reading shill, in science, 399, 493 94 
Recall, 400 02 
“cheap” and “expensive,” 490 01 
Recitation, as Icsson, 138 
Redi's investigation, analysis of, 17 21 
Regents Examinations, New York State, 271 
and n. 281, 526, 424, 425, 427, 445 
Relaumty, soaat impact of, 451 


$66 SUBJECT INDEX 


Report, scientist's, 23, 4748 
student's, 497 

Reproduction, buman, teaching of, 252, 255, 
254 H 

Resource file, 525 30 

Resources, conserving, utilizing, 107 08, 274 

Response, definition of, 116 

Russell Sage Foundation, 94 

Rutherford, Ernest, 28 


Schleiden, Matthias, 136 
Scholarship, through stimulating tests, 428 31 
fce also Dvslaation. Readiness 
Scholastic Aptitude Test, 417, 445 
School, elementary. See Elementary school 
junior high. See Jumor high school 
School Life, 236 
Schwann, Theodor, 136 
Saence, 63, 189 
Science Achievement Awards Program, 529 
Science clubs, 65, 68, 69, 183, 190 
Science Clubs of Amenca, 529 
Science curriculum, and changes in purposes 
of instruction, 208 
continuity of, 202 07 
core pattern in, 378 79 
correlation of subjeet areas in, 209 
dnershication in, 207-08 
flood problem related to, 212 
Torestzy mtegrated into, 201-05. 
four trach, for full range of students, 385 86 
four veats-of science pattern in, 379 83 
and general education, 214-17 
mdisidualzation of instruction in, 208 09 
Laboratory work increased in, 209, 213 
Jong term planning of, in Maryland, 366-63 
1n Minneapolis, 374 77 
and mathematics increase In use of, 213 1 
mutis trach, 66 69, 217-19, 425 
Patterns in, 377-81 
resiuon of, approach 10, 365-50 
as continuous process, 372 
implementing, 572-75, 576 77 
and long term policy, 363-70 
and planning, approach to, 371 
process of, 370 76 
and research, $65 
and science as way of lfe, 214 
standard sequence pattern 10, 377 
substitute course pattern ip, 378 
trends in development of, 20217 pass. 
See also specific science courses 
Serence Education, 108 
Science facilines, 506-14 
directory of suppliers of, 514 15 
See also Laboratory; Equipment 
Science fairs, 192, 500, 528 
Science Master's Association, Briush, 123 ad 
n. 
Science-math honor class, 19t 


Teocher(s) (Cont) 
and expert, 522 24 
field covering by, 89 90 
future need for, 474 
and generalization approach, 90 91 
importante of, 466 
Journals of interest to, 518 . 
and lesson plannmg See Lesson plamaiag 
magazines of mterest to, 518 
need for, 465-74 
objectives developed by, 105 08 
placement o. 470 472 7$ 
replacement of, 473 74 
responsibilities of, 5355 72, 196, 418 
and science in elementary school, 233 $5 
science prone student stimulated by, 170, 
176, 177, 181, 185, 193, 196 
and saence shy 150/f 
supply of, 470, 472 74 
tools for, 475-530 
See also Learning, Student{s). Pattern(s) in 
teaching 
Teleolagy, 26 
Tests), on applying principles of science, 410 
1 


and attitudes coward science, 415 

blueprinting, 435 36 

CEEB See College Entrance Examination 
Boord 

completion stems in, 438 39 

criteria of 437 38 

of Developed Abihty in Science, 419, 420 23 

differentiated, for rapid learners, 186 

difficulty of. determming 440 

and discriminating power of item in, 4£1 

essay, 395, 396 97 

guessing in, 440 

improvement of, notes and hints for, 435-40 

intelligence, 60, 63, 64. 147-55 pass, 171, 
172, 178 

interpretation ot, 440 47 

on interpretation of data, 407-08, 410 

nem analysis of, 410 42 

matching stems in 439 

mechanical details of 436-37 

multiple choice items m, 401, 439. 

“norms of 445 

objectne, 3957 

* practical * side of, 414 15 

preplanning, 435-86 

Prmary Mental Abilities, 172, 122, 178, 
404, 431 

for reasoning, 405 04 

recall stems in, 400, 401, 458 

reliability of, 392, 393, 402, 440 

Seholistoe Aptitude, 47, 415 

scores 1n, interpretation of, 412 47 

and sharing by students, 426 27 

for skills, 402 03 

sources of information on, 432 35 
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Test(s) (Cont) 
standard, 431-32 
and standard deviation, 447 
for stimulating harder study, 428-$1 
subjective, 3957. 3 
"trick" quesuons in, 438 ‘ 
true false Hems 10, 400, 438 
on understanding nature of proof, 432-14 
validity of, 392, 402 
Sez also Evaluation 
‘Textbooks, differentiated, 185-86 
physics, 288 89 
slow changes in, 90 
supplementary, 495 
uses of, 493 94 
1n laboratory, 494 
by science shy, 159 
“Thinking Project,” of University ot Minois 
433 
‘Thorndike, Edward L, 287 
Thurston, Robert H, 237 
Thurstone’s Tests of Primary Mental Abi 
ties, 174, 172, 178, 404, 481 
Tracks, curricular, 66 69, 217-19, 425 
Tutoring school, 68 


Understanding, as behavioral objective, $0, 
99, 103 
of cause and effect, 99 
of concepts of biology, 239 
m elementary school, in broad areas, 22b 
of nature of proof, 412-14 
Unit(s) m course, building, 547 61 
1n contevi, 351 63 
and course boundaries, 362-63 
eritteal, $46 
and grade level, 862 
normative, 346 
on plants and environment, approach to, 
35052 
process, $46 
purposes of, $16-47 
resource, 355 
‘on sound and music, approach to, 35255, 
356 61 
Unit plan, 348-49 
sample, 210 11 
U S Office of Education, 68, 256, 471 


Value judgments, 25-26 
Vesalius, 28 


Westinghouse Science Talent Search, 119, 180, 
186, 192, 398, 499, 530 

Winning participation, 124 45 

Wonogradshy, Serget, 487 

Wohler, F., 29. 

‘Workbooks, 139, 140, 486, 487 89 


Zoology, 237, 238, 240, 241 


